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HE record of the first twenty-five years’ work accomplished by 

The Sanitary Institute was finished in the volume published at the 

close of the nineteenth century, and the record has been completed by 
the compilation of a General Index to the whole of these records. 


For the last five years the Transactions have been published in the 
form of a Quarterly Journal, and contain, besides the Transactions of 
the Institute, matter prepared with much care and expense, which the 
Council believe to be of considerable interest to the Members: such 
as Abstracts of Titles of Articles on Public Health appearing in the 
British and Foreign Journals; Epitome of Law Cases relating to Public 
Ilealth ; Bibliography of Sanitary literature ; Reviews of Books, &c. 


In beginning the New Series of Transactions with the year 1901, the 
Council have decided to improve the general appearance of the Journal 
by increasing the size to a Super Royal &vo. page, and to transfer to a 
Supplement such matters as are more particularly offcurrent interest. 


Besides the Papers read and Discussions held at the meetings of the 
Institute, original articles by Members of the Institute, and by others, 


will be inserted from time to time in the Journal. 


The Journal and Supplement will be published concurrently each 
quarter and both will be issued to the Members and Associates. 


VOL, XXH. PART I. : A 
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Volume XXII.—Part I. April, 1901. 


JOURNAL 


THE SANITARY INSTITUTE. 


Victoria Det Gratia Britt. Reg. Fid. Def. Fnd. Fmp. 
Obiit. d. XI. ante Kal. Feb., A.D. MCMI. 
By SIR JOSEPH FAYRER, Barr, K.C.S.I., LL.D., M.D., F.R.S., 


Physician Extraordinary to the King. 


(VICE-PRESIDENT. ) 


INCE the issue of the last number of this Journal, not only the 
British Empire but the world generally, has been plunged into 
mourning by the death of the great and good Queen under whose bene- 
ficent sway a vast population has advanced beyond previous record in the 
evolution of those material, moral and intellectual qualities on which the 
welfare and happiness of mankind depend. The Victorian age has passed 
into the domain of history, and we gratefully acknowledge the benefits it 
has conferred; at the same time we hail the inauguration of a new era in 
which the promise and potency of continuity and further progress of the 
work of its predecessor are clearly foreshadowed. 

It seems fitting that on such an occasion some brief retrospect of the 
progress of Sanitary science during the past sixty-three years should 
appear in the Journal of a Society which is devoted to the exposition of 
that branch of knowledge and which has owed much of its wide-spread 
influence to Royal sympathy and encouragement. This has shewn no 
sign of abatement under the xgis of the Royal Duke who has presided 
Over its destinies for so long, and who, after a period of seventeen years, 
still manifests undiminished interest in its work, and, with the help of 
other members of the Royal Family and of the leading representatives of 
Sanitary science, continues to render it valuable support. 

This has been an age of progress and discovery ; intellectual activity 
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has never been greater, scientific research never more profound or far- 
reaching, nor the practical application of the discoveries of science more 
remarkable. Among many subjects of import which have characterised 
the reign of the late gracious Sovereign, few afford greater cause for 
congratulation than the improvement in vital statistics, as evidenced by 
reduced death-rate, enhanced expectation of life, decline of some potential 
_causes of death and the almost total ‘extinction of others. The Sanitary 
Institute, which has now existed for twenty-five years, has taken no 
unimportant part in effecting these changes. It was the outcome of an 
impulse given to Sanitary science by the Public Health Act of 1875, 
which was itself one of many beneficial enactments of the late Queen’s reign. 

Up to the time of Queen Victoria’s accession the great mass of the 
population of our islands lived and died under conditions which violated 
the now well-known principles upon which health depends. Prejudice 
and ignorance obstructed progress, Government looked on with indifference, 
the people knew little and thought less of the importance of pure air, pure 
water, cleanly and uncrowded dwellings, temperance, and other conditions 
which are now known to be essential to licalth. But under the influence 
of such reformers as Chadwick, Parkes, Simon, Buchanan, Corfield, 
Rawlinson, Galton, Rogers Field, and many others, measures formerly 
regarded as mere theories of no practical value, are now accepted and 
acted upon. Statesmen have learnt to realise that Sanitary Science is an 
important element in practical politics, and that it is the duty of executive 
governments to protect the people from disease which may and can be 
prevented or controlled, and the ministrations of officers of health, sanitary 
engineers and inspectors, consequently provide that the poor shall no 
longer be a law to themselves. Public health, in short, is cared for toa 
degree utterly unknown in the past, as evidenced by the reduction of the 
general death-rate from 22-4 in 1841 to 18-7 in 1895; houses are better 
built, sewerage, drainage and ventilation, are insisted on, the land is better 
cultivated, the subsoil better drained, the importance of pure drinking 
water is fully recognised, food is better, clothing more adapted to the 
climate, and, were Acts which are in existence compulsory and not per- 
missive, little would remain to be desired. 

If we turn to the public services, i.¢., to those who live under the 
control of the State, we find that, not only in respect of the duration of 
life, but also the prevention and cure of disease, the influence of sanitary 
science has been remarkable. For example, for some time after the Queen’s 
accession, the death-rate of the British Soldier in India stood at about 
56 per 1,000, but has now declined to 15 per 1,000, and has been as low 
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as 10. Epidemic disease, no doubt, disturbs the regularity of the death- 
rat-e, but it is certain that there has been great improvement. In the 
British Army generally the results of the Royal Commission, which was 
appointed to enquire into these subjects after the Crimean War, show 
that the death-rate has fallen from 16 or 18 to less than 6 per 1,000. 

Great advance has been made of late years in the knowledge of the 
etiology and prevention of disease. The various steps by which it has 
been acquired cannot be related here, but its importance in respect to 
Hygiene must be acknowledged to be incalculable, for without it, al- 
though empirical methods may be of some value, no real progress can be 
maintained. . 

Nothing in the history of the development of Hygiene is more remark- 
able than the influence it has had upon the methods of prevention as well 
48 of treatment of epidemic diseases. However much or little we may 
ve accurately determined as to their real causation, we have at least 

fewrnt the conditions under which they thrive, become diffused, and in- 
Cr-mease in intensity. The rigors and terrors of quarantine have con- 
sé —wquently been abolished, and reliance is now placed upon isolation and 
sa__-nitation. The beneficial results of this mode of treatment are illustrated, 
fom example, by the control that has been exercised over cholera, from 
w hich our country was comparatively free when it was prevalent all round 
us on the Continent. 

That general progress is likely to continue can safely be predicted 

from the fact that the spirit of scientific research is so active in all 
directions and so genuine. It has led to much and must inevitably lead 
to more, to generalisations of increasing importance and value. There- 
fore, sanitary science looks forward with peculiar hopefulness to the new 
régime, feeling assured that the Sovereign who, as Prince of Wales, 
always gave evidence of deep interest in science, especially sanitary 
science, and in the maintenance and improvement of great hospitals, 
will, in his more exalted position, still continue to extend the benefits of 
Inis influence to its further development, and that the efforts of the British 
Congress on Tuberculosis, which His Majesty has graciously consented 
to patronise, will afford another signal example of the beneficial results 
of the alliance of power with science. 


THE STATE OF LONDON STREETS. 


By T. BLASHILL, F.R.1I.B.A. 


(FELLOW. ) 


Read at the Sessional Meeting February 13th, 1901. 


HIS day twelve months a most valuable paper on “The Insanitary 
Condition of London Streets,” was read here by Mr. W. Nisbet Blair, 
the engineer at that date of the parish, but now of the Metropolitan 
Borough of St. Pancras. It may be that this change of name has some- 
thing to do with the invitation given me to open this discussion, for our 
new municipalities are recognizing their enlarged powers and their heavier 
responsibilities, or it may be that the subject, always before us, and always 
growing, has sprung up again with the promise of spring. 

I refer you to Mr. Blair’s paper, with nearly every sentiment in which 
I agree, for a great deal of useful information, the result of his large 
experience. My own duty is to occupy a more limited field. I have 
always been compelled to rely largely on my own unassisted senses of 
sight and smell, and for me bacteria and bacilli might grow in peace until 
they were visible to the naked eye. If I ask you to agree with me that our 
streets are dirty and ought to be cleansed it is because I can see the dirt 
and know that the means of cleansing are well within our reagh. 

I will not say, as some have said, that London streets are the dirtiest 
of any to be found in the cities of Europe, but amongst the great conti- 
nental towns that I have seen, whether capitals or not, there is nothing 
similar to them. In all such towns the streets, however they may be 
paved, are kept clean, chiefly by manual labour and the use of water, 
which in summer at least, is employed, not only for washing away the 
slush or to keep down the dust, but for the pleasure and comfort of the 
man and also of the woman in the street. 

Let us see of what the dirt of the street consists. A good deal comes 
from the wear and tear of macadamized roads, less from granite and wood 
pavements, least from asphalt. In some roads, particularly when there are 
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tram lines, and on smooth pavements, there is a considerable amount of 
sand that has been used to prevent slipperiness. All these materials are 
harmless or of small account compared with the great bulk which is 
simply horse droppings, worked up by wheels into slush in wet weather 
and ground into dust in dry. In some streets of small traders and where 
costermongers congregate, there is a very serious addition of animal and 
vegetable refuse which would not exist if the law were properly enforced, 
or which can be and ought to be swept up by special arrangements. 

I am disposed to think from what one secs that the London dog is 
getting either more numerous or dirtier in its habits. The Local 
Authority which is responsible for cleansing the footways should pay 
special attention to this form of nuisance. 

The slush, even in our best thoroughfares except in the city, usually 
covers the roadway so that it is impossible to cross it without gathering 
up a material portion to be carried home, and either left upon the step or 
deposited on mats and carpets. The clothes are fouled either by the act 
of walking or by splashes from vehicles; this dirt is brushed off inside 
the house in the form of dry dust. The dust in the street, composed 
practically as I have said, is allowed to blow about in clouds that obscure 
the view, that are bitterly annoying to passengers, and that get into the 
houses at every means of access, chiefly by the window when it is open to 
admit the fresh air! I do not know what a bacteriologist would say as 
to its effect upon our stores of fresh and cooked food, but investigations 
comparatively rude may suffice. When shelves of slate and wood in the 
fishmongers’ and butchers’ shops were being replaced with marble, I 
thought that what was good for the food while in their custody would be 
good for it in mine. Accordingly I had the larder fitted with white 
polished marble. The next thing I heard was that dirt was coming 
through the perforated zinc as it had never done before: it was plain 
enough to see on the marble though not conspicuous on slate or wood, 
and we had to try and stop it with a fine gauze. I do not think many of 
us realize the amount of sweeping and dusting that falls to the lot of the 
female members of every London household compared with what they 
would find in the country, besides which country dirt is clean. 

These domestic trials are nothing to people who have plenty of space 
and plenty of help. It is the poor who suffer from them most. A dirty 
street in a poor neighbourhood is an unbearable affliction to the house- 
holds that exist in it; the street is the only playground a poor child can 
have. I have had to act professionally and officially on property so situate, 
and have noted the flights of stairs up and down which children are always 
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running with the dirt of the street upon them. It is impossible for any 
woman to keep her rooms clean or her children tidy against such odds. 
I am convinced that a main cause of the dirty and ragged aspect of many 
in our streets is traceable to such surroundings. There are those in our 
population, not necessarily dishonest or ill-behaved, who contentedly go 
about the streets in the garb and uniform of the tramp. If the streets 
were clean these people could not accumulate so much dirt, and would be 
ashamed to walk about or ride in public vehicles in such rags. 

I will give a few examples of the treatment of the streets of conti- 
nental cities. If you say that London is far greater, so are the Penny 
Post and the London and North-Western Railway and Universal Providers 
far greater than the agencies of our humdrum ancestors. Economy resides 
with those who grasp details and deal with them in a wholesale manner. 
And they are often very ordinary looking people. 

In Paris the street dirt is to a great extent washed down into the 
sewers, but the streets are swept where necessary. I have gone to the 
lowest localities on the south side of the Seine, where at night it would 
be unsafe to enter some of the houses, and have seen a man carefully 
sweeping the street. In the northern suburbs, the abode of poverty, I 
asked a man why he was watering with the hose a street that looked 
perfectly clean. He replied that he was watering it to cool the air. 

In Vienna they wash the streets three times or at least twice per day 
according to their importance. Every shopkeeper must wash his footway 
twice per day or he is fined. 

In Berlin to be dirty is an offence. The scavengers are dressed in 
clean white slops and uniform caps with smart leggings on account of the 
water, not of the dirt. They are as clean and respectable as postmen or 
policemen. This speaks volumes. Compare the rough clothes and the 
dirty occupations of our own scavengers. 

In Prague, punctually to the minute, I do not know how many times 
a day two men with hand truck and hose come down the street and wash 
the surface though it may appear to be clean. In that ancient city they 
go into every alley four times every day, pick up the garbage, and clean 
them with water and broom. 

In the busiest parts of Brussels the housemaid comes out and washes 
the footway with a house flannel as she might wash a kitchen floor. The 
most sober description of the scenes in any old Dutch town on a Friday 
afternoon or a Saturday, when the whole female population turns out to 
wash the fronts of the houses as high as they can reach by throwing and 
squirting, sounds like caricature. This is going away from the street, but 


Tuomas BLasHILu. 9 


the clean street is a civilizing influence; it provokes to cleanliness within 
the house and without, and in the outer man at least—to go no further. 

There is a fine street in Budapest twice as wide as some of our noblest. 
On a brilliant day I saw a sight not to be seen in any of our towns. A 
young man in the dress of a warehouse clerk, but with uniform cap, 
carrying from point to point four feet of hose-pipe, was sending up into 
the air the most delicate spray, more like a thick haze, so as to just wet 
when it fell the whole surface for a hundred feet round. Pedestrians did 
not mind it, the sun made rainbows in it; he was not drenched, but might 
have just wiped his fingers and gone anywhere, or kept any company 
within the range of such as he seemed to be. In Budapest many working 
women go barefoot on the streets looking singularly bright and clean. In 
a full tram-car I saw an English lady offer to share her narrow seat with 
one of these rather than see her stand. Politeness that speaks all 
languages is nevertheless discriminating. I am not sure that this would 
have happened in the City Road. 

Thirty years ago the condition of the roadways in London both as to 
paving and cleansing was a matter of serious consideration. Wood had 
been tried unsuccessfully for the time, granite was practically the only 
material, but it was noisy and exceedingly dirty. The Poultry, with 
17,000 vehicles per day, and all the busier streets, had to be left un- 
touched between morning and night. Then asphalt, which had been 
used in Paris for several years, was introduced. I visited professionally 
the principal mines on the Continent to report on the manufacture and 
use of the materials. When we got asphalted streets the dirt was more 
than ever conspicuous. Just then some genius suggested constant cleaning 
by boys whom he called “ street orderlies.” They took up the droppings 
before they were dispersed by the traffic and put them in large baskets. 
When these were full heaps were formed beside them; often the baskets 
were kicked over. I took some interest in the matter, and sketched the 
design from which was made the “street orderly bin” that is now used 
on nearly all our asphalt roadways for holding the droppings, and may 
be seen in the chief Continental cities; anyone has always been free to 
make or to use it. In Glasgow there are hundreds of receptacles sunk in 
the pavement. Sometimes trucks or barrows are used as in Holland, 
where the town streets are admirably kept. 

I am convinced that for town thoroughfares this is the only satisfactory 
principle. If the droppings get ground into dust they blow about and 
befoul everything; then comes the water cart and more sunshine, the road 
gets dry again, and the dust reappears. In wet weather the material 
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soaks up the water, so that a slush is formed many times the bulk and 
weight of the droppings, expensive to gather up, and worthless when got. 
If the droppings are collected fresh they will form a valuable manure— 
they will not form dust; the principal use of the water cart will be to 
cool the air, and the rain will flow away freely into the sewers. Some 
sweeping will be required, but the work will be lighter. The work of a 
scavenger should no longer be considered of a low class or even 
“unskilled ;” it should be well paid, and made to attract respectable able- 
bodied men. 

The horse-broom, where needed, should be used with discretion and 
kept in good order. Very often this machine leaves the surface in about 
the condition which it ought to present when the work is begun. These 
brooms may do the heaviest work, but they do not finish so well as hand 
labour. 

The removal of snow is a process capable of improvement, but I had 
rather leave it in the hands of those who are responsible for dealing with 
it. All these practical persons say we ought to return to the old system 
of cleansing the footways by private residents. Do the public authorities 
offer enough pay for a very unpleasant and trying kind of work? When 
that has been tried and has failed, the matter may be fit for recon- 
sideration. 

I will only offer one suggestion as to the material for roadways. 
“Macadam” has its merits and its faults, but it is never carried out as 
the inventor intended. Stones that will pass through a two-inch ring, and 
that are covered with dirt or hoggin, do not form a Macadam road. I 
never saw one of these rings in this country. An old road surveyor used 
to test the size by making the stone breaker put the stone in his mouth, 
an unsatisfactory and probably illegal measure of capacity. On one of 
the splendid routes in France I once saw a man carefully putting every 
stone of a smal] heap through a ring that seemed to be about one and 
a half inches—that is Macadam. I am reminded by a paragraph in the 
Times of a scheme that has often seemed to me feasible. At the City of 
Hamilton, in Ontario, they have, after long experiment, adopted a Mac- 
adam of limestone saturated with boiling tar. I should think that if 
broken granite of the size I have mentioned were mixed dry with boiling 
pitch, as is done with large gravel, and laid on a firm bed, then sprinkled 
with fine chippings and lightly rolled, a good hard roadway would be 
obtained. 

Having expressed, as I do, a strong and unhesitating opinion that the 
dirt in our streets, apart from odious comparisons, has increased, is 
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increasing, and ought to be diminished, I must venture one or two sugges- 
tions upon questions of practicability and cost. 

When next I go to an old village, where in my youth the pillion 
survived on which my grandmother rode to escape the jolting of a wheeled 
vehicle over the rough highway; where, in my own recollection, every 
woman walked to church in her pattens; I shall go over the same highway, 
whether wet or dry, whether by day or by night, without obliterating on 
my boots the condemnatory evidence that, some five hours previously, I 
had picked my way across an important London street. This reform has 
been the work of pottering surveyors of highways and aboriginal road- 
menders; and shall the engineers of our twenty-eight Metropolitan 
Boroughs be restrained from the pursuit of similar ends by simple well- 
known means? 

Upon the question of expense I will quote the hateful and hostile 
evidence of my half-yearly parish rate, which shews that while I pay 
sevenpence in the pound for schooling, with whatever there may be to 
shew for it, the total cost of paving, watering, and cleansing is only 
fivepence. And I ask whether we should really be brought to ruin by 
lavishing an additional penny, or even a much begrudged twopence, on 
making usable and tolerable—and, at any rate, visible—the pavement that 
is supposed to be of gold ? 


Major L. H. Isaacs (Holborn) said the subject was one with which he was 
familiar, having had charge of a metropolitan district for forty-five years. 
During that time he had always done his best to keep the roadways under his 
charge as clean as possible. He was glad Mr. Blashill had had the good sense 
to go outside these islands to learn how people across the silver streak were 
dealing—and properly dealing—with the refuse in the streets. He agreed with 
Mr. Blashill’s statement that in Berlin to be dirty is to commit an offence 
against the laws of the country. Of all the municipalities he had visited the 
system adopted there was the most perfect—a system which included not only the 
actual cleansing of the streets, but also the visitation of premises suspected of 
being in an insanitary condition. They could not, however, judge these matters 
simply from appearance, but they had to see to the administration of the laws 
contided to the municipal officer in order to effect a system productive of so much | 
comfort to the inhabitants. Now Mr. Blashill had pointed out in regard to 
Brussels, Paris, Berlin, and Budapest that the great factor producing the excel- 
lent results to be seen in those cities was water, and he was prepared to endorse 
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all that Mr. Blashill had said in that respect. Water was the element that was 
wanted. On macadam roads water would be of very little service, but in central 
London, which is paved with granite sets, or with wood, or asphalt, water was above 
all things most required in order to make pavements sweet, clean, and savoury. 
When he ventured to give advice to the Board he had served for so many 
years it had been to allow him to take so much of water as might be necessary to 
cleanse the streets, particularly in certain conditions of the atmosphere, and they 
had been good enough to say to him—* Yes, Mr. Surveyor, you may have that 
power ; pray use it gingerly, because water is an expensive item in London muni- 
cipal administration.” But when he had done it he was met with grave reproaches 
from the engineer to the London County Council that he had broken the law, 
and had rendered himself liable to very serious penalties because he had washed 
mud into the sewers of the metropolis. Well, his contention was that the 
sewers of the metropolis are the proper receptacles for one half if not more of 
the street refuse with which they had to deal. What did this in its turn point 
to? Why, the free use by the municipalities of London of such an amount of water 
as might be consumed in dealing with this question, and in successfully removing 
the surface mud and dirt from the streets of London. The present system was 
an anachronism; something more drastic must be resorted to; let them well 
wash the streets and put their hand-brooms or horse-brooins to work, and let 
the mud go into the gullies and thence into the sewers, and with a liberal admix- 
ture of water there was not much to be feared in the way of injury. As had been 
pointed out, there was not a more important question than this, so far as the 
health of the inhabitants was concerned. The new Borough Councils must 
disabuse their minds of all that had been the practice in this particular respect. 
Those bodies could not ensure for themselves greater approval from the rate- 
pavers whom they represented than by devoting themselves to this subject, and 
endeavouring as far as they possibly could to bring about a more cleanly and 
consequently a more healthy condition of the surface of the streets of London. 
He was glad to have been present that evening to have heard Mr. Blasbill’s 
excellent paper and to have had the opportunity of giving his views on a subject 
of which he had some knowledge and considerable experience. 


Mr. Exery (Marylebone Vestry) explained that he had been for thirty years 
a member of the Sanitary and Works Committee of the Marylebone Vestry. He 
did not think that they need trouble themselves much about continental cities, 
but should rather pay more attention to their own homes. His experience 
suggested that we should never get clean streets until we improved and altered 
the habits of the people. They must be stopped throwing filth from first, second, 
and third-floor windows; many people were too lazy to come downstairs and put 
their refuse in the dust-bins. In the last four years the cost in Marylebone for 
street sweeping had gone up considerably, more than £100 per week increase, and 
the result was comparatively small. He should endeavour to get his present Board 
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to make a better use of the policeman. The police ought to catch these people who 
polluted the streets; a few convictions would have a wholesome effect. With 
regard to paving, he thought wood was the best for main arteries; stone pitching 
was very noisy, and it was not so healthy as asphalt. For other streets macadam 
was the best material for either man or beast, in his opinion. Wood paving, through 
its absorbent character, was very objectionable, and it would rot out in seven or 
eight years, becoming a great public expense. Granite pitching would wear for 
twenty-five years and cost only 8d. per sq. yard, as against 2s. 4d. per sq. yard 
for wood. He quite agreed with Major Isaacs in regard to the use of water, it 
would do far more good than the employment of orderly boys, who cost his 
parish £600 a year, and did next to nothing for their money; but as every drop 
of water used had to be paid for, the cleansing of the streets by the use of water 
was also an expensive matter. 


Mr. W. Nisper Buarr (St. Pancras) expressed the hope that, as a result of 
the views put forward that evening, they might see a considerable improvement 
in the condition of things, as soon as time had given an opportunity to put the 
suggestions into practice, if those suggestions were practicable. But therein lay 
the difficulty. He thought that comparisons with continental towns was quite 
away from the point. Our conditions are altogether dissimilar to theirs— 
conditions of climate, conditions of traffic, conditions of administration, and 
conditions of law. The police law, as administered on the Continent, was much 
more effectual in preventing the pollution of the streets by householders, as 
referred to by the last speaker, with whose views, in this respect, he quite 
agreed. A great deal of the dust and material which causes so much annoyance 
in our streets was not that which arose from the ordinary traffic of the streets, but 
that which was placed there by shopkeepers and others. It was a matter of daily 
practice to see a tradesman, half an hour after the dust van had been round, 
sweep out the refuse of his shop into the street; even more offensive refuse 
was occasionally deposited in the carriageway. These offences were forbidden by 
the police statutes in this country, but the statutes were not observed. The 
regulations of continental towns was so different from ours—fancy a policeman 
tapping one on the shoulder and telling one to pick up something that he had 
thrown down; we would not submit to such things in this country. If a 
shopkeeper was remonstrated with for polluting the streets, all that was received 
in return was abuse. Imagine trying to induce tradespeople in this country to 
wash the footways in front of their premises twice a day. The gist of the 
matter lay in the last paragraph of the paper—tinance. There was an obvious 
disproportion between the amounts spent for education and for street sanitation. 
It was surprising to think that the whole work of paving, cleansing, and 
watering for the metropolis was done for less than the cost of the education of 
the children. The authorities and their officers might, in fact, take some credit 
to themselves that they did so well on so little. With regard to the author's 
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suggestion for using granite for tar macadam, granite was not a suitable material 
for that method of application, because it was non-porous. The limestone 
mentioned as having been satisfactorily used in the city of Hamilton would 
answer quite well in this country, and it was used already in a large number of 
towns. It made a surface almost as smooth as asphalt, with a better foothold, 
but it would not carry heavy traffic such as we have in London. It would not 
carry omnibus traffic for more than a short time. He had tried an experiment 
in the Camden Road to see if a harder material than limestone could be used, and 
had laid down tarred macadam; it was expensive to prepare, was six inches 
thick, and was laid on a hard bottom, but the omnibus traffic caused it to 
disintegrate altogether. Other materials had often been used, ironstone or slag; 
these would answer, but granite was not a suitable material. The method of 
street cleansing by orderly boys was a very unsafe one, and with certain traffic, 
which moved rapidly and in all directions, their lives were continually in danger. 
Practically, their cleansing was confined to what could be got up before 9 a.m., 
though in weather which produces very heavy slop the horse-brooms were in 
use all day long, but everything thus put together had to be removed by carts. 
Major Isaacs had pointed out the heavy cost which would be incurred by the 
free use of water, and the regulations of the London County Council prevented 
them using the sewers, except under liability to prosecution. Surveyors could 
sympathise with Sir Alexander Binnie in desiring to preserve his sewers ina 
proper condition, and to reduce, as far as possible, the amount of water which 
had to be dealt with, for it was to be remembered that all that water turned 
into the sewers had to be pumped out at the outfall. If the consumption of 
water for street cleansing was to be largely increased, the machinery at present 
in existence for main drainage purposes would not be capable of dealing with 
the volume of water. These were a few of the practical difficulties which 
metropolitan surveyors had to overcome. 


Mr. J. Pacer Wappineton (Marylebone) dealt with the question of snow- 
falls and the employment of labour. A short while back stringent remarks 
were made in regard to Marylebone by the public Press, but anyone acquainted 
with the work must have thought those remarks very foolish. An article in 
The Globe had pointed out that it was the easiest matter in the world for 
armies of men to be engaged every night, and the whole of the snow swept 
away into the sewers by the following morning. Now, to show how im- 
practicable this was, he would instance his own district. He had 60 miles of 
streets, including Oxford Street, Edgware Road, and other main thoroughfares ; 
to deal with snowfalls he had divided the borough into small sub-districts to be 
dealt with by special gangs of men. To deal expeditiously with each portion 
of the Borough, he required some 1,400 or 1,500 additional hands, very early 
in the morning. Now on the last occasion only 300 casual hands put in an 
appearance at the depot up to9 a.m. It was even then unskilled labour, and 
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the dregs of the market. In fact, Marylebone got much of the leavings ot 
other districts because the Borough Council only paid 5d. for this kind of 
labour, while others paid 6d. per hour. He thought there should be no 
competition between public authorities in this matter of labour wanted on the 
spur of the moment. With regard to ordinary cleansing, there ought to be 
much greater discrimination in the selection of scavengers. In some parishes 
the work was relegated to men who ought to be in the workhouse—they were 
often infirm and decrepit, and were put to do arduous labour which, of course, 
they could not perform. A few younger men could be got, but to put these 
younger men in gangs with old men was a loss, for the pace of the gang was 
regulated by the most infirm member of it. As to horse brooms he was much 
understaffed in regard to these: he had half-a-dozen, some being over twenty 
years old. Fourteen of the 60 miles of roads were paved carriageways, and to 
get them swept by 10 a.m. meant he must have a very strong manual gang, 
or else a sufficient number of horse brooms. The financial aspect of the 
question was of great importance to the ratepayer, but if he, as surveyor, had 
placed at his disposal the product of a 4d. in the pound rate, he could in 
Marylebone make a considerable improvement in regard to cleansing. Some 
£3,500—the product of a jd. rate—would do much, and he was certain the 
ratepayers would see the benefit of it. He thought there could be very little 
proper comparison between London and such cities as Berlin and Vienna, for 
in continental cities the whole of the municipal property, as it were, was in 
the hands of one body and they could do as they liked with it. In London 
the arterial sewers were under the control of the London County Council, and 
they did not like the local authorities shooting anything into their sewers. In 
Marylebone there were no open spaces where snow could be shot and the river 
was too far away, making the cost of cartage very great. The only place he 
could shoot snow was into a few sewers under his own control. The question 
of the cleansing of footways was rather a sore point, and upon it he was afraid 
he would not be in accord with some of his brother surveyors. He thought the 
duty of removing snow from the footways rested not with the private owners and 
occupiers, but with the local authority. He quoted, in support of this view, his 
experience at Islington, where he had 240 miles of footways; he would go 
through the roads, clear for traffic and clear the channels early in the morning ; 
a little while after the work was done, the shopkeepers and occupiers would 
proceed to clear the snow from the footways and into the channels, and thus 
undo a great deal of the work he had done. No doubt the proportions of the 
work were great, but with proper rates of pay for labour, sufficient latitude 
to the officers, with sufficient tools and machinery, a very great improvement 
in the removal of snow could be effected, and the footways would not be 
nearly so much trouble as they were at present. They were all agreed as to the 
nice road macadam would make, but they must remember that stones an inch 
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and a half in diameter would not stand being rolled by a ten or twelve ton 
roller. When Mr. Macadam invented his road heavy steam rollers were not 
in use. His experience was that very small stones soon perished when treated 
with a roller. With regard to the use of water, one thing was to be remem- 
bered, viz., that if water was to be used in London as it is in continental cities, 
a system of bydrants would have to be laid down in our streets, and this 
would involve a considerable outlay. Recently he had got out an estimate for 
a system of cleansing by hose pipes and hydrants, but he had never had the 
courage to tell his committee what it amounted to. The amount of water 
required to thoroughly cleanse the streets would be much greater than now 
used. He was in favour of washing the whole of wood carriageways; that 
was the only way to keep them clean, but that washing ought to be done 
systematically, and that meant money. About a year ago he had submitted 
an estimate for washing the wood pavements three times a week, but economy 
had at that time been an object and his estimates had to suffer. In the end 
he was allowed barely suflicient to wash them once a week. It was the old 
story, “It’s money that makes the mare to go,” and if engineers had sufficient 
money placed at their disposal and the Councils would be guided by their advice, 
he was cartain the ratepayers of London would see a very great improvement. 


Mr. Hawkrn (London) urged that what was required in London was uni- 
formity of paving; some places it was stone, others asphalt, macadam, or hard 
and soft wood. To have so many kinds of roads in one city hardly seemed right. 
A macadam road seemed to him to be at once the dearest and the dirtiest. With 
the enormous traffic of Londou—with which there was nothing to compare on 
the continent—hard and firm roads were needed. With the better pay of road 
sweepers, a better class of man was obtained. But labour was scarce, and he 
thought there should be a uniform rate of pay as well as uniform construction of 
the roads. Wood paving meant cleansing was necessary, and as we did not do 
that cleansing as they did on the continent we could not expect to have clean 
streets. Perhaps it might be difficult to secure the uniformity he had suggested, 
but it was not impossible. He hoped some practical good would come out of 
the discussion that evening. 


Mr. WILLiaM WEAVER (Kensington) having congratulated Mr. Blashill on 
having sufficient energy to deal with a question of Metropolitan importance, 
said they had met to discover whether any practical suggestions could be made 
for remedying the evil of which they complained. First, what was the nature 
of the evil? His own opinion was that it was somewhat exaggerated. Con- 
sidering the state of things forty years ago and the state of things to-day, they 
could not help being struck with the vast improvement which had taken place. 
In 1856, when the Metropolis Local Management Act came into operation, 
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there was no asphalt or wood; the main roads were macadam under the old 
Turnpike Commissioners; steam rollers were unknown, and the mud was up 
to one’s ankles on a wet day. If a little mud was left in the streets now, 
there was more grumbling than formerly when the mud was inches deep every- 
where. Once upon a time he had taken 100 loads off the Brompton-road in 
one day, but he would have a job to get 100 loads ina month now; yet. there was 
at present more complaint from that road than in 1857 or 1860, when it was 
under the Turnpike Commissioners. But in the advancing civilisation and luxury 
of the time they must keep up to the mark if possible; the grumbling, however, 
had increased with the introduction of untanned leather boots and patent leather 
shoes. If people would only shoe themselves to fit the weather instead of 
expecting the weather to fit the shoe there would not be so much complaiat. 
People would go into the country where scavengers were unknown and take no 
notice of the mud, yet a tithe of that mud in London provoked a storm of 
criticism. He had to admit that horse droppings were a serious drawback to the 
comfort of the people walking along the highways, and if this nuisance could be 
prevented it would be an unmixed blessing. The extent of the nuisance could 
be imagined from the fact that on a summer's day he would get four tons per 
mile off the Kensington-road. The method of pushing everything down into 
the underground rivers could not be adopted in London, unless they arrived at 
that stage when money was no object. Doing this now would mean a large 
increase in the County Council rate, as the sewage had to be pumped up twice. 
Pending arrangements for preventing the nuisance being committed at all, they 
had to seek the help of the street orderly bin. The present bins were offensive, 
and he was about to try what he believed would be an improvement, viz., an iron 
receptacle under the kerb, with an open front; the refuse would be swept into 
them, and as the carts went round their contents would be collected. These 
receptacles would be about six inches deep. Then the other great nuisance on 
the roads was litter. This was a direction in which those people who grumbled 
could help themselves, instead of wanting to have everything done for them. A 
vast improvement might be made in this respect in our streets. Since the 
multiplication of newspapers, opening of stores, and the vast importation of 
foreign. goods wrapped in paper, the litter that accumulated in the streets of 
London was enormous. Apart from the scavengers and horse-brooms he had 
special men in his district to do nothing but pick up paper, the cost being some 
£300 or £400 a year. If people would only themselves burn paper instead of 
throwing it about, they could bring down the rates in Kensington a penny in 
the pound with very little trouble or inconvenience, whereas at present every- 
thing had to be cleared away by the local authority. It was not an unusual 
thing to see piles of cardboard boxes and paper come out of the houses, the 
result of a lady having been shopping and making bargains. All that litter might 
easily be disposed of in the house and the rates relieved. One day he received a 
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violent complaint from a tradesman in High-street, Notting Hill, as to the litter 
in the roads, and at the same time he received a report from his ganger as to 
the collection of trade bills in the streets, bills which bore the name of the man 
who made the complaints. He wrote to that gentleman, with a sample of the 
litter. Dogs were a great nuisance in the streets. London was not the place in 
which to keep dogs, but it was difficult to find a remedy for this particular 
evil, unless the muzzling order was applied to both ends of the animal, and 
he was afraid they would have to put up with dogs. The only way to keep 
impervious roads clean was by washing, but the difficulty was to know what to 
do with the product. He washed all his wood paving at night, and then early 
in the morning the sweepers put the drained solids at the side for collection. 
But this plan did not please everyone. Having left the roads-clean at 8 a.m. out 
came people for horse exercise, and they complained that a little film left by 
the brooms made the road slippery, so they wanted it sanded. Sand was put 
down at 11 a.m.; the carriage folk grumbled that it splashed their broughams, so 
sharp grit was strewn for them; and then the cyclist comes along and complains 
that his tyres are punctured. So in trying to please everyone they ended 
by pleasing no one. As to the general dirtiness of the streets the Saturday 
half-holiday was one of the factors in the matter, and the Sunday cessation 
of work. Men struck off work at one p.m. on Saturdays, beginning at twelve 
o’clock to pack up their tools ready for striking off at one o'clock, so that for a 
day and a half each week the streets were neglected. For the first three days of 
the week arrears were being overtaken, and the work was then much heavier 
during the rest of the week. He was endeavouring to get his Board to arrange 
for Saturday afternoon and Sunday cleaning, because he thought that religious 
scruples should not interfere with public enjoyment of the highways, especially 
considering that people dressed in their best clothes used the streets greatly 
on Sundays. Now they had to go out when the streets were at their dirtiest 
condition. The roads ought to be as clean on Sundays as on any other day 
of the week. He was glad to say he had got his Board to go sumewhat in 
this direction but not as far as he desired. When considering the way affairs 
were mismanaged in London as compared with what is done on the Continent, 
they should not lose sight of the fact that with all our drawbacks we enjoy 4 
much lower death-rate than in those places where they do these things so much 
better. Scavengering was one of the peculiar points in London, and Mr. 
Blashill had referred to the inferior labour employed in the work. It was 
regarded as a kind of refuge—a half-way house to the workhouse. There was 
something to be said from the humanitarian point of view, but from the 
point of view of the proper execution of the work, very little could be said 
for the present system. Scavenging required tackling in a proper manner, and 
and although any man could push a broom along some skill and strength were 
needed. In one of the sketches by Boz, there was the story of the scavenger 
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who was asked what had become of so and-so. ‘Oh, he’s gone,” said the 
man, “he was all right you know in the general run of the work, but give him a 
little bit of fancy work to do round a lamp-post and he was lost.” In Ken- 
sington they were gradually getting rid of the infirm labourer and putting 
on able-bodied men. He had a tender in for some steam-driven cleaning 
machines which he hoped would be very useful. His idea was that if one 
had a revolving squegee attached to a water van very good work would be done, 
vastly superior to the revolving broom or brush. They would then get rid of 
- that film before referred to, and the surface would be dried as if an army of 
charwomen had been at work on it. Some twenty-five years ago a German 
machine called the Hercules Cleaning Machine was brought out—it is now 
at work in Berlin—but it did not take on in London, owing chiefly to the 
large sum of money it cost, £100 each machine, and it did not work well 
on the then macadam roads. Two were recently put up at a sale and 
he bought them for £5 each, and had been using them ever since. The 
squegees alone cost £57 each, but excellent work was done. The snow 
question was too large to go into at so late an hour, but he differed from 
his colleague—Mr. Waddington, as to the foot-paths. The only chance for 
the municipal authority dealing with a snowfall in a practical manner was 
for the householders to assist in the work. A snowfall was a visitation, 
which only by a combination on the part of the public could be dealt with 
at all. To think that an army of men could be kept in readiness was. 
absurd. He had anticipated that Mr. Blashill would have said something about 
the disturbance of the streets by their continual opening up. This was a great 
drawback in London. It was no good scavenging the streets when any number 
of trenches could be dug by public companies. These openings were responsible. 
for much of the street refuse and be had prepared the following figures, in order- 
to shew the extent of the nuisance in Kensington in the year 1900:--- 
In eighty-six miles of public road, 3,928 trenches were opened by various com- 
_ panies, and in addition to these openings, trenches for electric lighting mains 
were opened to the extent of seven and a half miles, and for National Telephone. 
Company’s mains to a length of nearly nine miles, making sixteen and a half 
miles or about one-fifth of the entire road mileage of the borough. The total 
cost of surface reinstation of trenches during the year amounted to £4,625. 
The General Pust Office was now proceeding with the laying of their system of 
telephone mains in about nine miles of roads, ‘in many instances laying a trunk 
main in the carriage way, with subsidiary conduits under the footway on each 
side, and in many cases these three parallel trenches were opened throughout roads 
just put into repair after the laying of the mains of the National Telephone Co. 
Apart from the extra work entailed by the construction of these telephone 
services, an enormous amount of inconvenience was caused to the public through 
the interference with the highways, and this inconvenience arose not only 
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during the execution of the work, but operated months before its commencement, 
owing to the postponement of the ordinary reparation in roads under notice for 
the laying therein of telephone mains, and inasmuch as the Post Office were only 
required to give notice before opening any particular road, but were under no 
obligation to proceed with the work on the expiration of notice, it happened 
that many roads were in a very bad state owing to the repairs, months overdue, 
being delayed; this gave rise to numerous complaints, especially from cyclists. 
On the other hand, if the roads were repaired at the proper time, and immediately 
afterwards cut up by the delayed telephone work, the usual newspaper criticisms 
as to the shortcomings of local management, were immediately hurled at the 
officials. In this dilemma the economical alternative had been adopted of 
deferring the road reparation until after the execution of the telephone work. 
This combination of evils produced a gigantic nuisance which required grappling 
with, and the points which he, as a practical man, thought wanted dealing witb, 
were the horge-droppings, the litter, and the unlimited disturbance of the streets. 
Of course, in time subways would obviate the last-named nuisance. Practical 
men had been advocating this for a quarter of a century, but in that, as well as 
in other matters, practical men could not get their way; they had to wait till 
non-practical Boards woke up to a knowledge of the facts. If municipal 
authorities would only employ proper engineers and follow their advice, a much 
better state of things would exist than is at present the case. The question of 
labour was also a difficulty ; it required a strongminded man to face his duty and 
not study self-interest. If a man did his duty he very often came in conflict 
with the people who, as it were, had his fate in their hands, and that made his 
position one of enormous difficulty. 


Mr. W. Huntina (London) pleaded for better conditions of the roads, 
if only for the sake of the horses. It was rather a good idea for a road 
surveyor to point out all his difficulties and make them an excuse for not doing 
his work properly. Apparently thorough washing was an impossibility, for there 
was hardly enough water to drink, and even if there were sufficient to put on 
the roads, the County Council would not allow it. As regards the suitability of 
various roadways for horse traffic, soft wood was good, but hard wood pavement 
was the very worst ever put down in London. When snow was on the ground 
some surveyors thought it right to put down salt, and the result was, a freezing 
mixture was produced, which injured hocks and hoofs in a shameful manner. 
Then shopkeepers thought it right to break up boxes and cases on the pavement, 
and nails were strewn about the roadway, with the result that every farrier in 
London had two or three horses per day brought to him to have nails extracted. 
Then many roads were made so convex that when pulling towards the kerb 
horses were almost certain to be thrown down. This plan was cruel to horses and 
was surely unnecessary. As practical suggestions he would say that surveyors 
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should be made to pass examinations in the following: he should be a bicycle 
rider, he should drive a long stepping horse in a two-wheeled cart over asphalt 
on a wet day, and should know what it is to walk in a high hat and a frock coat 
on the kerbstone on a wet day. Then surveyors might have some respect for 
their fellowmen, for then they would know by experience what was most required. 


Mr. GLapwELL (London) pointed out that one objection to tarred macadam 
was that it took a long time to set. If used in London it would be a long time 
before the traffic could be put upon it, even if such a road were strong enough. 
The other point he wished to refer to was the question of the status of the 
labour employed upon the roads. He was in sympathy with a good many of the 
remarks which had been made. A great deal could be done to raise the status 
of the labour employed on the roads by paying as good wages as was paid for 
labour of a similar class. It was obvious that a municipality could be better off 
in the general competition in the labour market than private employers. He 
thought too that it was reasonable to conclude that the more workmen were paid 
the more economical would be the result. 


Dr. Suirn (St. Pancras) thought that a practical point to consider was how 
to prevent the dirt in London. It should be possible to make a law that 
factories should not be built in London without the consent of the authorities. 
We were getting so overcrowded in London that it was impossible to prevent dirt 
under present conditions. There was really no reason why factory labour 
should not be employed outside London and have proper room in which to live. 
With regard to the question of snow he was rather proud of the fact that he had 
something to do with regard to municipal authorities being made to cleanse the 
footways. He knew engineers did not like it. When the Public Health 
(London) Bill was passing, a few of them at St. George’s, Hanover Square, felt 
that the clause should be inserted because the footways were not cleansed. 
When the householders had to do it it was not done, and the condition of the 
footways was very much worse then than at present. Indeed, considering the 
difficulties he thought it was done excellently and much cheaper, for with the 
householders it was often a question of blackmail, and then they had to pay a great 
deal more privately than they now paid to have it done publicly. A great deal 
had been said about droppings, and be thought that in this respect a great 
improvement would be noticed as soon as motors became general. He had 
hoped to have heard something with regard to motors as applied to mechanical 
means for street cleansing. Mr. Weaver was the only speaker who had at all 
alluded to the matter. With regard to the suggested kerb bins for street refuse, 
he was not sure whether a permanent dustbin of this character would be an 
improvement; in this direction to his mind assistance lay in the adoption of 
some proper form of removable street orderly. At Blackpool he had noticed 
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street orderlies for rubbish, and even baskets for paper. The provision of these 
orderlies in the streets or parks would encourage people to be more tidy. The 
disturbance of the streets was a serious matter, and only subways would remedy 
this evil. Still, it was all more or less a question of money, but he would like to 
enter his protest against putting salt down; it was a cruel thing, and caused 
great danger. 


Tue Cuarrman (Sir Alexander Binnie) proposed a cordial vote of thanks 
to Mr. Blashill for his paper, which had elicited an interesting discussion. 
With regard to the want of cleanliness in our London streets, we should always, 
he said, remember that London labours under a disadvantage not present in 
many continental capitals. We live upon a clay subsoil, and the slightest 
breaking up of the surface immediately causes a disastrous amount of clayey 
mud. Street dirt consisted of two things, excreta and mineral matter. That 
had to be got rid of some way or other, and the best way to do it was really 
the most economical way to do it. Some advised the Parisian mode of using 
the sewers; but were the ratepayers to go to the expense of building large 
sewers fit to take it, and then of pumping it up again and again? Unfortunately 
that could not be resorted to in London. The material itself, as far as it was 
organic material, was valuable, and by putting it into the sewers that value was 
lost, because the residuum of water-borne sewage was of little value, for the 
reason that water had an affinity for the ammoniacal constituents of the manure, 
robbing the manure and leaving nothing but sludge. Therefore, if they could 
collect these droppings and sell them, that would be far more economical than 
throwing it away. The mineral matter in the London streets was derived from 
many sources, and if it were thrown into the London sewers a great. portion of 
it would have to remain, because the sewers were not made for the purpose of 
carrying it off, the gradient was not steep enough. Regent Street sewer was 
not a very flat sewer, yet since the system of washing the streets had come 
into vogue the deposit in that sewer had risen from 9 to 18 inches, and now to 
to 2 feet 6 inches; all that had to be taken out by manual labour. The course 
suggested by Mr. Weaver was well worthy the attention of the local authorities. 
Water-washed streets are the thing of the future, and we should have to adapt 
ourselves to water-washed streets if our streets are to be kept in a proper state 
of cleanliness, but in doing that all the authorities must work together and see 
that it is done in the most economical manner. With regard to subways, this 
was a subject to which he had devoted a great deal of attention during the last 
five or six years. If the streets belonged to the public there would be no 
difficulty, but unfortunately this was not so. They had been given up by 
Parliament to numerous companies, and as soon as they proposed to make a 
subway along any street the question arose whether Parliament would make 
these companies relay all their pipes and cables in order that the subway might 


ti a Le Oi oth ak la 


Discussion. 23 


be made. If not, could the public bear the enormous expense of doing this 
work? It was a subject which should engage the attention of the local 
authorities and Parliament. Of course, in all new thoroughfares subways were 
constructed, and in such streets as the one from Holborn to the Strand there 
would be two subways, one on each side. 


Mr. T. Buasnitn (London) expressed his appreciation of the presence of 
Sir Alexander Binnie in the Chair. He,was glad that his paper had given 
rise to such an interesting discussion, and said that in the presence of so 
many gentlemen connected with local sanitary administration of the metropolis, 
the object of the paper and of the Council of the Institute had been served. 
What was required was to evoke some interest in the subject, and to do 
this they must have discussion. Criticism had been levelled at his paper for 
its incompleteness, but this was to be explained by the fact that his remarks 
were not in any way intended as exhausting the subject, but only for the 
purpose of opening a discussion which should be profitable: in that respect 
he thought his paper had succeeded. 
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VENTILATION. 


SUCCESS AND FAILURE OF METHODS AT PRESENT IN USE. 


By CHRISTOPHER CHILDS, M.A. M.D.Oxon., 
D.P.H., F.C.S. 


(FELLow.) 


Read at Sessional Meeting, March 13th, 1901. 


VHE subject of ventilation has been brought before this Institute in the 
last two years in two excellent papers,—one by Dr. Barwise on 
Plenum Ventilation in Elementary Schools (Journal of San. Inst., Jan., 
1899, p. 638); the other by Dr. Newsholme in connection with the 
Health of Scholars (July, 1900, p. 269). 

Nevertheless it seems desirable to renew the consideration of this 
very important matter for various reasons. 

The science and art of ventilation is still very imperfectly understood. 
Consequently the whole community constantly suffers, and will suffer, 
from the errors and defects of construction and appliances in dwellings, 
in school-rooms and buildings of all kinds, and not only in those buildings 
which have already been completed, but also in those which are being 
designed or built at the present time. One section of the community to 
whom above all others a plentiful supply of fresh air is of vital importance 
are compelled to pass a considerable proportion of the day in rooms which 
are anything but well ventilated, viz., school children. 

Attention has been called more than once in this Institute to the 
meagre clause dealing with the ventilation of schools in the Day School 
Code, 1899. (Schedule vii.) 

This clause ignores the difficulties of school ventilation, and the mea- 
sures by which those difficulties, at least in large schools, have been 
overcome. Some of the details recommended are absurdly inadequate. 

Apparently those who were responsible for framing this clause had 
never heard of the plenum system of ventilation. 

And yet as long ago as 1887 Carnelley had published the results of his 

nvestigations, which, together with Haldane and Anderson, he carried out 
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with consummate skill and with a patient industry which is not likely to 
be employed again in similar researches. (Transactions of the Royal 
Society, 1887, Vol. 178, pp. 61—111.) The results of these investigations 
plainly indicated the great advantage of the plenum system over all others 
in large schools where the floor space per head is limited to ten square 
feet per head, or less, as for instance in the elementary schools. 

The conclusions formed by Carnelley and his colleagues were further 
corroborated by an extensive enquiry, the results of which he published in 
his report to the School Board of Dundee in 1889. These results have 
since then been more than confirmed by various trustworthy observers. 

Nevertheless this important mass of information, so carefully and skil- 
fully elaborated, appears to be commonly ignored or forgotten. 

It is most desirable that these investigations and their results should 
be more generally known, and I know of no Institution so well qualified to 
diffuse this knowledge as The Sanitary Institute. 

I propose to bring forward, as a chief subject for discussion, the various 
methods for the ventilation of schools,—especially of elementary schools. 

In addition I venture to bring before your consideration the comparison 
of the plenum system with others for the ventilation of hospitals, and I 
believe there are present those who can speak with the authority of 
experience on the ventilation of crowded buildings, such as churches, 
assembly rooms, theatres, and law courts. 

The great variety of conditions under which ventilation has to be 
carried on makes the subject very wide and complicated. 

It seems best, therefore, as our time is limited, to enunciate certain 
conclusions, standards, and definitions as subjects for your discussion. 


DEFINITIONS AND STANDARDS. 


“ Successful ventilation” is that which provides a supply of air— 

(1) sufficient in quantity ; 

(2) of proper quality ; 

(3) of a suitable degree of temperature and humidity ; 

(4) properly distributed in equal proportion to each individual ; 

(5) without producing any discomfort or feeling of draught, or any 
gradual though imperceptible depression of health ; 

(6) with provision for complete removal of the air which has been 
exhaled by any individuat; 

(7) in such a way as to maintain full bodily and mental vigour ; 

(8) in such a way that the whole process is reasonably practicable 
and economical. 
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(1) The quantity of fresh air required for “ successful ventilation ” is 
such that the atmosphere of the room shall not feel close or offensive to 
one experienced in testing, on entering from the open air. This degree 
of purity is maintained so long as the amount of “ respiratory impurity,” 
as gauged by the amount of carbon dioxide contributed by the breath of 
the inmates, does not exceed 0-02 per cent. (de Chaumont’s Standard: 
Proc. Roy. Soc., Vol. 23, p. 187). 

According to this standard the requirements for adult males and 
females, and children respectively, when not employed in muscular work, 
are as follows :— 


(Cubic space required in cold weather. 


Cubte feet of 
fresh air re- ; (1) Withuir | (2) with air 
iquired per head,| Bowarmed if | gt sae to Gu? F, 
| per hour. changed three | changed ten 


. times in an : . 
par times per hoar. 


Adult Males ....c.cccccsscccscsscsscessessessesscesescesees , 3600 1200 =| — 360 


Adult Fomales ..............:0ssscsssssecseesesesesceseeeeenes | 3000 10000 300 
CHUA POM: sc ccscessacs cen ivesessesedesobecce esses tetves stseasso> 2000 666 ; 200 
Assemblages of Men, Women and Children .........! 3000 1000 300 


It will be seen at once that these standards represent extremely high 
ideals, ideals which are very seldom realized. 

Smaller quantities of space and air-supply will be required when the 
rooms are occupied only for short spaces of time, such as one or two hours, 
as in the case of school-rooms. 

Moreover, some of our highest authorities (Carnelley, Haldane, von 
Pettenkofer, and others), are content with a much lower staudard of 
purity, as gauged by the amount of carbon dioxide present in the air, and 
consequently demand much less cubic space and air supply, practically 
only about one-third of the quantities given in the above table. 

But if the air of rooms is to be quite fresh and free from taint, very 
little less than these standard quantities will suffice. 

This much is certain—that the nearer the air of occupied rooms 
approaches in character to that of the unpolluted atmosphere, the better 
will be the health, and the greater will be the vigour and mental activity 
of those who breathe it. 

Wherever, therefore, it can be afforded, the highest standard of purity 
available should be maintained, and in no case should less than one-third 
of the quantities given in the above table be allowed. 

(2) Quality of the air to be supplied. The air supplied should consist 
of the normal proportions of nitrogen and oxygen (about 79 and 21 by 
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volume respectively), with not more than about 0:04 per cent. of carbon 
dioxide (though this amount may be considerably increased in foggy 
weather) ; with little or no traces of organic matter; with a degree of 
humidity considerably short of satutation ; with no chemical impurities— 
such as ammonia, acids, etc.—or the merest traces of the same; with the 
minimum amount possible of dust, and with no pathogenic germs. 

Of these ingredients of air I shall allude only to the two last—dust 
and pathogenic germs. 

With regard to dust it may be mentioned that the coarser dust may 
be completely removed from the air, before admission, by filtering and 
washing, especially by the screens used in the plenum system, which are 
kept constantly moistened by sprays or douches of water. The finer 
impalpable dust, peculiar to cities, which penetrates the innermost 
recesses of cabinet and drawers, and soils the surface of all objects in our 
houses and buildings, is not excluded even by these processes. I am glad 
to say, however, that Mr. Kenneth Teale, of Leeds, has introduced a 
method by which this finest dust may be entrapped and removed from the 
incoming air; and I trust that we shall see this process developed and 
employed wherever it is practicable. 

The pathogenic germs. There appears to be a very prevalent idea that 
the pathogenic germs (i.e. the germs of disease) swarm in great numbers 
in the air of our towns and cities. Asa matter of fact the numbers of 
germs of all kinds are comparatively very small, and practically speaking 
the air of cities may be regarded as entirely free from pathogenic germs, 
excepting perhaps in the neighbourhood of dust carts and other foul 
accumulations. 

In dry dusty weather the numbers of bacteria in the air close to the 
street level may be very much increased; but in any case the air of 
school-rooms and other crowded assemblages contains far greater numbers, 
dislodged from the skin, clothing, &c., of the inmates. It is in such 
places that the pathogenic bacteria are liable to abound. 

The air of such rooms, therefore, usually contains a hundredfold more 
bacteria than the air of the strect, and is invariably much purified by 
admission of external air, especially if the source is at some ten to twenty 
feet or more above the street level. 

(3) Temperature of the air supplied. With regard to the desirable 
temperature of the air supplied there is considerable divergence of 
opinion. 

In schools and hospitals where the plenum system of ventilation is used 
a temperature of between 58° and 60° F. appears to be the lowest which 
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can be borne with comfort. To a large proportion of individuals, however, 
the effect of air heated to this temperature is oppressive and enervating. 

It is certain that air supplied at a considerably lower temperature is not 
only agreeable but far more invigorating, providing that its rate of move- 
ment is very slow, that the temperature of the furniture, floor, walls, &c., 
is not too much lowered, and that a sufficient amount of radiant heat is 
provided from fireplaces or other heating apparatus. 

The lessons taught by the open-air treatment of consumption plainly 
indicate that individuals, even when greatly enfeebled by disease and 
especially prone to “coughs and colds,” not only tolerate air freely 
supplied at very low temperature, but also greatly benefit thereby, and 
completely lose their tendency to catarrh, provided that special measures 
are taken to prevent chilling of the surface of the body. 

(5) Draughts. A draught may be defined as a current of air which 
produces a sense of chill and discomfort. 

This sensation will vary considerably with different individuals, also in 
the same individual according to his state of health and other conditions, 
the amount and character of his clothing, &c. 

For all individuals, under such varying conditions, the sensation of 
draught will depend chiefly upon the temperature and degree of humidity 
of the air and the rate at which it is moving. 

There appears to be a general impression that people can sit usually in 
a current of air moving at the rate of two or three feet per second without 
feeling a draught; but probably few can endure a current greater than one 
foot per second when the temperature of the air is lower than 60° F. 

The sensation of draught appears to be intensified and the effects more 
harmful when the air-current is unevenly distributed over the body of an 
individual in such a way that a jet or sheet of air impinges more forcibly 
on one part than another. 

Nor can people, as a rule, sit in air having a temperature below 50° F. 
for a long time with impunity, even when there is scarcely any perceptible 
current, unless the loss of heat from the surface of their bodies is pre- 
vented by exceptionally warm clothing, or by the counteracting influence 
of radiant heat. 

A prolonged cold air bath may be as disastrous in its effects as a 
prolonged immersion in cold water. 

Practically it will be found that during the colder months of the year 
in this country, the incoming air must be warmed to a temperature near 
60°F. for all rooms and buildings occupied for more than an hour at a 
time, where the floor space per individual is less than about sixteen square 
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feet. Otherwise a sufficient quantity of air cannot be provided without 
causing intolerable draughts. 

In rooms and buildings where the floor space provided for each 
individual amounts to about sixteen square feet or more, it becomes 
possible, without warming the incoming air, to trust to natural methods of 
ventilation, aided by artificial radiant heat and exceptionally warm clothing 
even in the coldest weather. 

(4) The distribution of the air supplied. The proper distribution of 
the air supplied is a matter which is frequently neglected, though it is of 
great importance. In a room occupied by a number of individuals the 
fresh air should be distributed in equal proportion to each person, and 
also in such a way that a due proportion is supplied to their mouths and 
nostrils (t.e., to the respiratory apparatus), as well as to the other parts 
of their bodies. 

In examination of a number of ventilation systems it is very common 
to find the incoming air supply “short-circuited,” passing direct from 
inlet to outlet in a small column or sheet, thus producing a strong 
draught in its course, and leaving large spaces stagnant and altogether 
unventilated. 

Such faulty distribution, for instance, is often found in ‘ exhaust ” 
systems (where the inlets are near the floor level, and the outlet shafts 
near the ceiling), unless some special contrivance is provided for diffusing 
the incoming air to all parts of the room. 

In all the “exhaust systems” which I have had the opportunity of 
examining, the inlets have commonly been closed, and the inmates have 
- preferred either to endure the deleterious effects of a foul atmosphere, or 
to obtain some relief by opening doors, windows, etc. 

Similarly in most cases where open fires and chimneys are used as 
exhausts, Tobin tubes, Sheringham valves, Hincks Bird’s contrivance or 
louvred openings being provided for inlets, the incoming cold air very 
often falls downwards and spreads out upon the floor in a thin sheet, 
which flows towards the fireplace. 

In this way the maximum amount of draught is supplied, with the 
minimum amount of ventilation. In an occupied room provided with 
such arrangements, it. is often found that a considerable area of the room 
cannot be used owing to the descending cataract of cold air, whilst the 
feet and lower extremities of the occupants in every part are constantly 
chilled by the cold current flowing over them. 

At the same time the air which is being inhaled by those in the room 
may be almost stagnant. In other words, large quantities of air may be 
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flowing through the room, whilst a minimum amount may be supplied for 
respiration. 

These conditions may readily be demonstrated by testing the currents 
with a taper flame or tobacco smoke,-or by other methods. 

It would seem superfluous to mention these details were it not that 
the methods described above are the most common in use throughout this 
country in sitting-rooms, offices, school-rooms, etc., and are recommended 
indiscriminately in the text books on ventilation. 

Under some conditions Tobin tubes and similar appliances contrived 
for directing the currents of incoming air upwards, may answer for 
ventilating rooms. 

As a rule, however, such inlets are fixed in a quite haphazard way, 
with the result that they give rise to intolerable draughts, and are con- 
sequently closed. 

It is obvious that, in arranging ventilation of this kind, the number, 
position, area, and length of such inlets, ought to be most carefully 
considered together with their relation to the position of the occupants, 
and to the position and “extracting” power of the outlets. 

I am not aware that sufficient observations have been made with regard 
to these details to enable us to formulate any general rules. So far as my 
my experience goes, it is very frequently regarded as unnecessary to take 
such details into consideration at all. 

The chief difficulties in the way of this common method of ventilation 
(viz., outlet by open fireplace, inlet by open window, tobin tubes, etc.) are 
(1) the prevention of down draughts and cross draughts from the inlets, 
and of the cold floor-current; (2) the even distribution of the fresh air 
at the level where it is most wanted, viz., at that of the faces of the 
occupants. 

Various remedies for these difficulties are generally recommended, ey. 
ventilating grates (such as the Galton grate); passage of the incoming 
air throngh hot water coils; placing hot water coils immediately beneath 
the inlets so as to counteract the downward current of cold air. 

Either of these methods may answer fairly well. Warmed air is 
objected to, however, by most people in this country, and it certainly lacks 
the invigorating character which belongs especially to fresh air. 

Ventilation by widely opened windows when properly arranged pro- 
duces steady and evenly distributed circulation of fresh air in a room, 
with great reduction or even abolition of down and cross draughts and of 


the floor-current. 
But when the outside temperature is below 45° or 50° F., extra warm 
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clothing is required for the occupants under these conditions, and radiant 
heat must be provided by hot water pipes in the case of large rooms, by a 
good radiating slow combustion grate in smaller ones. 

The delightful freshness of a room ventilated in this way is remarkable. 
When due provision is made to prevent too much chilling of the room 
itself, it is astonishing to find at what a very low temperature the incoming 
air may be admitted without causing any discomfort, and how readily 
people, even when much debilitated, can become accustomed to such con- 
ditions and will prefer them to any other. 

In ventilation by the plenum system the distribution of the air supply 
is equally important. 

Many apparent failures of this system are no doubt due to the want of 
proper provision for even distribution throughout the room. The relative 
position and size of inlets and outlets have to be most carefully considered. 

I have seen bad results produced by placing the outlet in the wall 
opposite the inlet, thus producing a strong short-circuited current sur- 
rounded by stagnant air; in other cases by providing only one inlet in a 
wide room, thus leaving large unventilated spaces on either side of the 
current. 

These details of the requisite relation, size, and position of inlets and 
outlets are, I fear, known only to the experts. So far as I am aware no 
authoritative instructions on these points have yet been published. 

In a room successfully ventilated on this system the in-rushing air 
should rise, spread, and flow swiftly along immediately beneath the ceiling 
until the current dashes against the opposite wall. There the current 
breaks, as a wave against the cliff, and spreads to form a column which 
very slowly moves back towards the outlet, placed near the floor some six 
to eight feet below the inlet. 

With the aid of a taper-flame I have traced the course of such in- 
rushing currents, and their complete dispersion after breaking against the 
opposite wall. It was surprising to note the apparent disappearance of 
any return current, the column of air returning so slowly towards the 
outlet that no deflection of the taper-flame could be seen anywhere until 
it was brought within one or two feet of the outlet, through which the 
outgoing air was pouring at the rate of 300 feet per minute. There was 
no current along the floor detectable by the flame. 

In deciding the efficacy of a “ plenum” installation, the currents of air 
in the rooms should be tested by taper-flame, by smoke, by floating 
balloons, etc., in order to decide the direction and force of the currents 
throughout the room, and the presence or absence of stagnant spaces. 
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Removal of the air contaminated by erhalations from the lungs, skin, ete. 

It is equally important to consider and devise proper means for remov- 
ing all the contaminated air from occupied rooms and buildings. 

In cases where the complete and constant removal of the contaminated 
air depends solely on “natural ventilation,” 7.e., the movements of the 
wind, and the difference of temperature between the outside and inside 
of the building, the difficulties seem to be almost insuperable. Speaking 
generally, the openings arranged for extraction under such conditions are 
apt to act as inlets instead of outlets, and consequently to cause intolerable 
down draughts, and to fail in the purpose for which they were designed. 

The only methods which can absolutely be depended upon for securing 
equable action of inlets and outlets, under all the variable conditions of 
temperature and of direction and force of mind, are those in which 
mechanical means are used for propelling or “ extracting ” the air. 

Necessity of arranging for lighting, warming and ventilating, all together 
in one scheme. ; 

Too much stress cannot be laid upon the necessity of considering and 
arranging the processes for warming and lighting a room, or other enclosed 
space at the same time with that of the ventilation. 

These three processes are generally carried out by different individuals, 
without any concerted action. The invariable result is that the ventilation 
is found to be insufficient or accompanied by such unbearable draughts 
that it proves a complete failure. 

The attempts which are subsequently made to remedy these conditions 
are of necessity carried out at greatly increased expense, and seldom with 
quite satisfactory results. 

MeErTHOops AT Present 1x Use.—The ventilation and warming of 
large school-rooms. 

(i.) The Plenum System. In this system the air is driven by fans 
through large passages generally named “ ducts,” in the basement of the 
building. 

From the ducts a separate shaft ascends to each room (or other space 
which is to be ventilated), the shaft discharging by one or more expanded 
openings into the room, at about seven feet above the floor. 

These inlets are directed upwards at an angle of about 40°, so that 
the inrushing air is directed over the heads of the inmates close to the 
ceiling, and breaks against the opposite wall of the room. Here it 
descends and returns in a very slowly moving column towards the wall 
through which it entered, and is forced through the outlets. The outlets 
are placed close to the floor, at the most convenient positions, t.e., at such 
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positions that there will be the minimum of obstruction and the maximum 
diffusion of the onflowing column of air. 

The outlets open into shafts which ascend through the building, and 
discharge the outflowing air at some height above the roof. 

The system is modified in various ways, but the arrangements as 
described above are, I believe, the most effective. 

Advantages claimed for this system :— 

(1) That the purest air available in the immediate neighbourhood can 
be supplied through a common “duct” after being washed, 
filtered, and warmed to a suitable temperature. 

(2) That the air driven into each room is distributed to all parts of 
the room and to each inmate. 

(3) That the air of the room can be changed ten times in an hour 
without producing discomfort or draught or depression of 
health. 

(4) That a marked improvement is effected in the alacrity and mental 
vigour both of scholars and teachers, as compared with results 
produced under other systems. 

(5) That all the air contaminated by respiration, exhalations from 
skin, clothing, &c., is completely driven out of the room. 

Disadvantages of the system :— 

(1) Dependence of the whole and every part of the system upon indi- 
vidual intelligence, care, and vigilance, and consequent liability 
occasionally to partial failure, or even to complete breakdown 
of the process. 

(2) Large initial cost of installation. 

When the buildings and appliances required for this system have been 
properly devised, when adequate motor power for the supply of sufficient 
air is maintained, and when the process is conducted with due intelli- 
gence and care, it must be admitted that the advantages claimed for it (in 
the case of schoolrooms) are verified. 

Carnelley’s investigations. The researches made by Carnelley, assisted 
by Haldane, Anderson, and others* in 1886-89, should not be forgotten, 
In order to investigate the various methods of ventilation, Carnelley 
visited no less than 150 different schools (with 110,000 scholars), 
and he obtained detailed information from 173 additional schools (with 
165,000 scholars). 


* Phil, Transactions of the Royal Society, 1837, Vol. 178, pp. 61—111. 
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In a large number of these schools he and his colleagues—all men of 
exceptional ability—made an exhaustive examination of the results pro- 
duced by the different methods of ventilation; amongst other things, of 
the temperature maintained, the amount of carbonic acid and of oxidisable 
organic matter, and also the number of microbes in the air of these school- 
rooins when occupied. Carnelley* also made an extensive and systematic 
enquiry into initial and annual cost of ventilating and heating a large 
number of these schools. 

Carnelley’s conclusions with regard to the advantages of the plenum 
system over the natural system in the schools examined by him may be 
summarised as follows :— 

(1) There is much greater purity of air as regards the amount of 
carbonic acid, organic matter, and number of micro-organisms present. 

(2) Efficiency of ventilation is much more independent of the weather, 
direction and force of wind, &c. 3 

(3) The schools are warmer during the winter months. 

(4) There is more equal distribution of heat and fresh air throughout 
the rooms. 

(5) Draughts are reduced to a minimum. 

(6) The mental activity and working powers of the children are 
decidedly increased. 

For the details of these observations and results I must refer you to 
the original papers, which are in all ways most interesting and instructive. 

Carnelley’s results have been more than confirmed by various trust- 
worthy observers. 

It should be noted that Carnelley’s standard of the maximum amount 
of carbonic acid permissible in the air of a school was as high as 13 
vols, per 1000. This large amount was fixed as the limit apparently owing 
to the conviction that it was “as low a one as we could reasonably expect 
not to be exceeded.” 

It must be remembered, however, that Carnelley’s observations and 
conclusions were made in the early days of mechanical ventilation, and that 
numerous improvements in structural and other details have been intro- 
duced since that time. 

Dr. Barwise in his paper on plenum ventilation (Jour. of San. Inst., 
Vol. XIX., pp. 643 and 644), records some analyses of air in plenum- 
ventilated schools at Bolsover and Leicester, in which the amount of 
carbonic acid was far lower. 


* Report to the Schou! Board of Dundee, 1889. 
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Dr. Newsholme in opening the discussion on the health of scholars 
(Jour. San. Inst., Vol. X-XI., p. 273), quotes Dr. Kerr’s observations 
made on the air analysis in naturally ventilated and mechanically venti- 
lated school rooms at Bradford. 

Over 250 separate estimations of the carbonic acid were made. 

During the two and a half hours of afternoon school work the total 
amount of carbonic acid gradually increased from about 0°8 up to about. 
2°8 vols. of carbonic acid per 1000 in the naturally ventilated school- 
rooms, whilst in those mechanically ventilated tle amount was main- 
tained steadily at about 0°8 per 1000. 

As a result of a very extensive enquiry conducted on behalf of the 
National Union of Teachers in 1898, a great number of reports on the 
conditions of ventilation in the larger board schools of the country, were 
sent in. The results of that enquiry may be summarised in the following 
words :— 

In several of the larger boards schools of the country the method of 
ventilation by propulsion is being adopted, and though there is evidence to 
the effect that in some few instances when this system is first installed it 
is not properly understood, not properly worked, and therefore occasionally 
imperfect, the evidence received is overwhelmingly in its favour.” 

So far as my own limited experience goes I may say that I have 
visited and studied a number of large schools in and near Glasgow and in 
Leeds, through the courtesy of Mr. Key (whose name is so closely 
associated with the plenum system). 

In all cases the systems were working most satisfactorily as far as 
could be judged by the evidence of inlets and outlets, by the absence of 
draughts, and by the freshness of the air on entering the rooms. The 
head-masters and their assistants, without exception, spoke highly of the 
conditions of comfort and freshness in these plenum schools, contrasting 
them most favourably with the conditions experienced by them under 
systems of “natural ventilation.” 

I have .also studied somewhat more thoroughly some large schools in 
London,—one in which the details of construction and management are 
good, another in which the main ducts, the inlets and the outlets, and the 
motor power are all faulty and insufficient. In the former the results are 
highly satisfactory throughout the school; in the latter any of the rooms 
are close and stuffy, and there is evidence of stagnation of air in various 
parts. 

I have inspected only two schools which were ventilated on the 
‘exhaust ” system. In one, accommodating nearly 2,000 scholars, the air 
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is extracted by outlets opening at about eight feet above the floor. The 
outlets all eventually connect with a common duct, which leads to the 
bottom of a very high shaft. The air is propelled up this shaft by 
powerful fans. 

The inlets in the school-rooms admit the air from outside into cases of 
hot-water coils, through the top of which it can be admitted into the 
rooms. 

On the day of my visit, however, we could not find any air coming in 
hy these inlets, the coil cases having been closed by the hinged flaps which 
are attached to them. In fact, the air was being extracted chiefly from 
the corridors, passing directly from them to the outlets, and leaving nearly 
the whole of each room unventilated. 

In the other school the air was extracted through openings near the 
ceiling, passed into a common duct, and thence to the bottom of a tall 
shaft, the motive power in which was provided by large coils of hot-water 
pipes. 

The inlets into the rooms were through cases containing hot-water 
coils. 

In this schovl the draughts caused by the incoming air proved so 
intolerable that the whole system had been for long abandoned, and they 
were ventilating the rooms as well as they could with the aid of open 
windows and hot-water pipes. 

Judging from the extensive investigations of Carnelley and others, the 
reports of teachers and clerks of School Boards, and my own personal 
experience, I can only form the following conclusions :— 

(1) For the ventilation of large school-rooms having less than sixteen 
square fect area per head the plenum system is by far the best, and should 
be instituted wherever it is practicable. 

(In buildings already constructed it may be impossible to substitute 
this system for the existing one effectively ; in any case the plenum system 
can be constructed at far less expense if it is included in the original plan 
of the building.) : 

(2) In cases where the plenum system is found to fail, the failure is 
due to some defect or defects in the installation or in the manner of 
working it. 

(3) “Exhaust” or “ vacuum’ 
systems, are to be condemned. 

For small school-rooms the methods of so-called “natural ventilation” 
are generally used, and in many cases, even for large rooms, these will be 
the only processes available. In such rooms, with less than sixteen square 
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systems, unless combined with plenum 
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feet. of floor area per head, it does not appear that any contrivance has 
been devised by which (in the absence of mechanical propulsion) the air 
can be admitted in sufficient quantity during cold weather without causing 
unbearable draughts, unless it has been warmed before admission. 

It is necessary, therefore, to warm the incoming air either by some 
form of ventilating grate (on the Galton principle), or by passing it 
through a heating chamber or through hot-water coils. The details of 
arrangement required will vary widely under different circumstances, and 
need most careful consideration, especially in respect to size and position 
of inlets and outlets. 

I can only speak of a few general rules which are frequently over- 
looked or ignored. 

In the first place, care should be taken to prevent short-circuiting of 
the air supply. For this reason, if the incoming air has been warmed 
the outlet should not be in the upper part of the room, but near the floor, 
The open fireplace is therefore the simplest and best outlet and extract 
under these conditions. (Where gas is used for lighting, the foul air in 
the upper part of the room should be extracted by special shafts, which 
may be connected with the chimney). 

Radiant heat is the pleasantest and healthiest ; a good radiating grate 
of the Teale type should therefore be used. 

The size of the chimney-opening should be regulated according to the 
amount of air-supply required. 

In the larger rooms the heating should be supplemented, if necessary, 
by hot-water pipes, the admitted air passing over them or through hot- 
water coils. 

The air-supply should be distributed, as far as possible, in equal pro- 
portion to each scholar, without leaving any stagnant spaces. For this 
purpose the number, size, and position of the inlets must be carefully 
arranged. 

Outlets in the upper part of the room and ventilating cowls will be 
useful in the warm weather; but no ventilating scheme should be made to 
depend upon such a variable factor as the movements of the wind. 

An exception must be made in the case of boarding schools, if the 
floor-space per head amounts to 16 square feet or more, under certain 
conditions. 

Those conditions are similar to those which are provided at the open- 
air sanatoria for the treatment of consumption, 

I can describe these conditions best by giving an account of Bedales 
School at Petersfield, which I recently visited. This school migrated 
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recently from Hayward’s Heath, but the same system has been carried on 
for seven or eight years, so that it has had a fair trial, and the results have 
been quite satisfactory. 

The school buildings at Petersfield have all the advantages of being 
built on a sandy slope with a southern aspect, and no impediment to 
sunshine and atrial currents. 

All the windows are so constructed that they can be kept permanently 
open from bottom to top throughout the winter, provision being made for 
excluding wet, or too great inrush of wind during stormy weather. These 
arrangements are provided in all the dormitories as well as the other rooms. 

Excessive chilling of the rooms is prevented and a moderate amount of 
radiant heat is provided by a hot-water pipe running around two sides of 
each room near the floor level. Each room also contains a Teale fireplace, 
but this is rarely used. 

All the inmates of the school wear woollen clothing. They are accus- 
tomed to follow their outdoor pursuits under all conditions of weather, but 
are compelled to change their wet for dry and warm clothing on returning 
to the house. 

Care is taken that new comers shall become gradually acclimatised and 
accustomed to these apparently severe conditions. 

The excellent results produced on the health, appetite, and develop- 
ment of the boys are remarkable. That these’ results are constant is 
attested by the experience of several years. 

These facts strongly indicate that under conditions such as those men- 
tioned above, ventilation by means of windows kept widely open night and 
day may be carried on with great benefit to the scholars. 

An account of the different methods of ventilation would be incomplete 
without reference to Dr. Glover Lyon’s system, devised especially for 
crowded buildings, and described by him in the Journal of The Sanitary 
Institute (Vol. XIX., p. 564). 

Dr. Lyon has specially studied the direction and control of currents of 
air when mechanically driven into a room. 

He has practically demonstrated, in a fair sized room (as well as in the 
model), how the rapid current of air driven through a shaft into a room 
may be first driven upwards in an evenly ascending sheet, and subsequently 
across the room from one side to the other, in a regular slowly-moving 
column, finally making its exit through another shaft. 

In this way each inmate of the room is provided with a due proportion 
of the incoming slowly moving air, and the whole air in the room may 
be changed many times in an hour without creating any draught. 
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The incoming air can be filtered, washed and warmed, in the usual 
manner. 

It remains for Dr. Liyon to show how his system can be practically 
and economically applied to ordinary life. 

In any case his methods and results are highly instructive with regard 
to the movements of air when mechanically propelled, and to the means 
of directing and controlling those movements. 

From what I have seen of his work I cannot help thinking that some 
modification of his present models will prove the best means of solving the 
most difficult problems connected with ventilation of crowded buildings 
such as churches, assembly rooms, theatres and law courts. 

The ventilation and warming of hospitals. It remains to consider the 
important question of how the plenum system compares with other 
systems for the ventilation and warming of hospitals. 

It may certainly be claimed that by the plenum system the source of 
air supply may be selected from the best available locality, that it may be 
washed, filtered and warmed (or cooled), and evenly distributed to all the 
wards and other parts of the hospital; and that these conditions may be 
maintained under all variations of climate and season. 

On the other hand it may be argued that in hospitals of sufficient 
cubic space the large volumes of fresh air provided by the plenum system 
are not needed, that the changes of temperature which take place with 
natural ventilation are beneficial to the patients as well as to the nurses 
and other inmates, whilst the constant inhalation of air maintained per- 
manently at a temperature of 60° to 62° F., as it is in plenum systems, is 
rather depressing and enervating. 

The results obtained in the open-air treatment of consumption plainly 
show how abundant supplies of fresh untreated air invigorate the debili- 
tated and increase their power of resistance to infecting germs. 

It has already been definitely demonstrated that the free ventilation 

of wards by windows kept widely open day and night may be carried out 
even in our great cities (e.g. at the Brompton and Victoria Park Hospitals 
in London), with the same beneficial and invigorating effects. 
_ The questions to be considered are whether the same salutary results 
can be obtained under the plenum system; whether its system is, on the 
whole, better adapted for the ventilation and warming of hospitals; and, 
if it be so, whether the advantages which it affords justify the increased 
expenditure involved. My own experience in this matter is too limited to 
enable me to form a final conclusion. 

But so far as I can judge, after studying the plenum installation at the 
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Birmingham General Hospital and at other hospitals, also the ventilation 
by windows constantly kept widely open at certain hospitals, and the 
various methods of natural ventilation generally prevailing, I am strongly 
inclined to the conviction : 

(1) That with the plenum ventilation in hospitals, although many 
considerable advantages are gained thereby, a valuable stimulant to the 
recuperative and resistant powers is lost by the total and constant exclu- 
sion of cold, fresh, untreated air. 

(2) That better results can be obtained by careful attention to the 
details of construction for natural ventilation, and to controlling the 
methods employed for ventilating and warming by means of atmospheric 
currents aided by artificial heat. 

(3) That it will always be difficult to ensure that the processes and 
requirements of the plenum system will be carried out in their entirety in 
hospitals, owing to the constant changes in the resident medical staff, the 
nurses, &c., and to other causes. 

Time does not permit of more than a brief allusion to the complicated 
subject of domestic ventilation. 1 must content myself with emphasizing 
the great benefit of the open window,—open not merely a few inches at 
the top or bottom but open as wide as possible, wherever and whenever 
it can be managed without causing actual discomfort: in bedrooms. at all 
hours excepting between sunset and bedtime (during which time they may 
be closed in order to prevent too great chilling of the bedroom and its 
contents); in all rooms where it is possible to prevent draughts along the 
floor, or down upon or across the inmates. This prevention of draughts 
is, of course, the great difficulty. Strange as it may seem, the simplest 
and most effective way of overcoming this difficulty is by throwing the 
windows wide open as far as possible, both at the bottom and the top. 
The windows must be opened, of course, only on one side of the room, t¢. 
there must be no cross ventilation. 

Formerly I regarded those who advocated such apparently heroic 
measures, as persons whose enthusiasm had over-balanced their judgment, 
but a prolonged course of careful observations on the effects of window 
ventilation of my own study during the colder months of two winters has 
convinced me of my error. 

It is astonishing to see how little draught is produced in a room with 
windows widely opened even in very cold weather, and even when a very 
cold and strong wind is beating directly against the windows, provided 
that the door is closed, that there is not too big a fire and tuo open 4 
fireplace in the room, and that there is no cross ventilation. 
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It is astonishing also to find how near to the open windows under these 
conditions a person can sit without feeling cold, provided that he is warmly 
clad. There is, of course, a current of air towards the fire-place, but in 
my observations I have always found the movement so slow that it could 
not anywhere be detected or measured by the anemometer. 

This current is sufficient, however, to gradually chill the interior and 
contents of the room, especially the floor, and also the lower extremities of 
anyone sitting in this slow cold current. A rug thrown over the legs and 
feet is generally quite sufficient to counteract this discomfort. A good 
radiating slow combustion grate is the best contrivance for preventing the 
general chilling of a small room. 

Anyone who tries this experiment on himself will be surprised to find 
how much more comfortable the conditions are than might be expected, 
and the exhilarating effect of the fresh cold air will more than compensate 
for the little extra trouble which is required to prevent this gradual 
chilling of the room. 

It must be remembered, however, that this free ventilation by widely 
opened windows can only be tolerated under special conditions, such as 
those described above, in the cold weather; and few persons would put up 
with these conditions until they have tried and become accustomed to 
them for some time. 

The best method for warming and ventilating a house can only be 
decided after studying the structural conditions of the house. Thorough 
ventilation cannot be provided in cold weather without heating the 
incoming air by methods similar to those suggested for small school- 
rooms. 

It is very desirable to provide permanent “breathing-holes” for halls, 
staircases, and passages. For this purpose widely opened windows on the 
staircases, hopper windows above the outside doors, and similar contri- 
vances in passages, &c., will be of service; whilst the excessive cold thus 
produced may be counteracted by ventilating coils or grates, or—less 
advisedly—by stoves or good oil lamps. 

In the cottages of the poor the efforts of the Sanitary reformer should 
be directed, firstly, to convincing the cottager of the unhealthiness of close 
air and of crowded floor spaces, and of the benefits to be obtained by 
keeping windows and chimneys open as much as possible (especially in 
bedrooms) ; secondly, to obtaining dwellings for them which can be freely 
ventilated without discomfort. 

In all cases constant, intelligent, and careful supervision and manage- 
ment of the ventilation should be enforced. In schools the head master 
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or mistress should be held responsible for seeing that the methods of 
ventilation adopted are thoroughly and systematically carried out through- 
out the whole school. 

The class master, in the same way, should be responsible for his own 
class room, and should have a practical knowledge of the principles and 
methods of ventilation. 

The senior scholars in each class should sce to and report on the con- 
dition of the ventilating appliances and the condition of the air in each 
room; ¢.g., the cleanliness and freedom from obstruction of the inlets, 
the dusting of hot-water pipes and coils, the temperature of the room 
as recorded by the thermometer, the perflation of the room during play- 
time, etc. 

In this way a most useful object lesson would be given to the children, 
and a practical education which would lead them to realise the harmful- 
ness of foul air and the great benefit of proper ventilation. 


Tue Cuairman (Mr. J. Osborne Smith) said that familiar facts had been 
placed before them that evening in a concise manner and practical form. There 
was plenty of room for discussion, and the more the subject was discussed the 
better the results that would ensue in our buildings. He was pleased to see so 
many ladies present: this subject was of vital concern to ladies, who he thought 
are the greatest sufferers from improper ventilation, at any rate, so far as 
domestic buildings are concerned. There was scarcely a building in the country 
that was effectually and efficiently ventilated. When we consider the great 
value of the outer air being conveyed into and through every part of our 
buildings, and how imperfectly this is usually done, it is evident there is much 
scope for improvement in the methods and means of ventilation. An effective 
object lesson as to the great ignorance of the value of fresh air could be 
obtained as one went through the streets of London and noticed how few 
windows were open—even in warm weather. 


Dr. C. E. Sueviy (Hertford) congratulated Dr. Childs on his paper, but ob- 
served there were some points advanced which required further consideration. So 
long as we started with artificial conditions in our buildings, we must be prepared 
to accept some artificial method of dealing with the necessity of ventilating them. 
He thought the extract method of ventilation could be made to give results 
as good as the propulsion method. He was unable to accept as conclusive the 
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evidence given in the tables exhibited, unless the all-important particulars of 
area, inlet capacity, and so forth, were either identical or proportionately com- 
parable for each of the schools which had been tabulated. Before schools could 
be compared in the way that had been done that evening they must have the 
same conditions applying in all essential respects. It was obviously unfair to 
compare a building in which the air is being pumped in at a certain pressure 
and in certain quantities with another building of a different capacity, with a 
different population, to which air was being supplied at a different pressure 
and in different amount. To arrive at any valuable conclusion from comparisons 
the data must be absolutely comparable; and unless the data were of that 
character, one could not satisfactorily bring forward results in the way of 
argument. There was one thing to be noted in comparing the two systems, 
namely, that if air was impelled into a building, the dust was apt to be pushed 
into corners, and it was kept there to a certain extent. If air was drawn out, 
this disadvantage disappeared, because eddies are found to be produced in the 
corners, and the dust is to a large extent drawn out of them. No doubt when 
properly carried out the plenum system gave good results; properly carried out 
in the same detail, it could also be said that the extraction system gave good 
results. He thought that, despite all other systems, they ought not to over- 
look the value of the open window. Dr. Childs had referred, as one of the 
advantages of the plenum system, to the fact that by it the introduction of 
warmed air was rendered possible. He was strongly in favour of the intro- 
duction of cold air for breathing purposes, believing that to be the most 
invigorating, especially to those who lived sedentary lives. This was to be 
seen in the modern treatment of consumptive patients. Another thing was 
that cold air is condensed air, and consequently by the breathing of cold air 
more oxygen was taken into the lungs, while its relatively greater expansion 
within the lungs was a most valuable feature. The warmer the air in a crowded 
assembly the better were the conditions for the reproduction of pathogenic 
bacteria. Warm, moist air, loaded with organic matter, provided them with a 
culture medium, and it was obvious, therefore, the colder the air the less readily 
would harmful developments take place. This was of more importance in the 
ease of children, whether in schools or slums. Such conditions prevailed in 
churches, theatres, concert halls, etc., and the air of most of such places was 
ready to become an aérial hotbed ,of disease. The last thing generally attended 
to in a church was provision for the bodily health of the congregation. He 
referred to the success which has attended the modern treatment of consumption 
by means of open air, and he referred also to the importance of keeping children 
more or less in the open air, irrespective of climatic conditions. He thought that 
the policy of the open window was a good one, for it trained children into early 
habits which were conducive to health. More than ever was it necessary in these 
days of dependence upon artificial ventilation, for children to be brought up to the 
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idea that windows should be open in their own homes Dr. Childs’ suggestion that 
in schools the ventilation to a certain extent should be under the supervision 
of the senior pupils was an admirable idea, and he would like to see that idea 
amplified in other directions ; for it was a remarkable thing in the educational 
methods of this country, that the one thing a child was not specifically taught 
was how to take care of himself and of his own health. 


Mr. Wittiam Hexsan (Birmingham) said, the subject as introduced that 
evening covered so much ground that the time allowed for discussion was 
‘ entirely inadequate to permit of justice being done to it. He had hoped to have 
heard a more scientific exposition of what is essential as regards efficient 
ventilation, and some definite opinions, based on practical experience, of the 
results obtained by modern methods and appliances. With so much time taken 
up in lightly reviewing the whole scope of the matter for numerous classes of 
buildings, it was difficult to pick out any single aspect of the subject and treat 
it in a debateable manner. He had been led to believe that a question might be 
raised as to the desirability of employing Plenum ventilation in Hospital wards, 
and he, as Architect of the General Hospital, Birmingham, the largest Institution 
of its class which is successfully ventilated by mechanical means, had come 
prepared with evidence and statistics which disprove the fears, expressed by 
eminent authorities, that failure would result. Ife could now, however, only 
state that physicians, surgeons, and others intimately acquainted with the working 
of that Institution, are unanimous in their opinion that for Hospital wards the 
Plenum system, efficiently applied, is as near perfection as they can hope for. 
Unfortunately, there are firms now advertising themselves as ventilating 
engineers who, judging from their executed works, are sadly wanting in even an 
elementary knowledge of what is necessary to secure success, and it is regretable 
that so few architects take the trouble to fully understand the requirements, or 
the possibilities of the appliances now at their disposal; consequently, failure too 
often results, generally traceable to having under estimated either the amount of 
air that is necessary, the propelling power required, the quantity or distribution 
of the heating agent, or to having neglected to adopt precautions as to the 
construction, the size, and the direction of the air ducts and flues—both inlet and 
outlet. In a word, success depends upon the amount of attention to details, the 
accuracy of calculation, and the knowledge of requirements brought to bear upon 
each separate case, because, although the principles of ventilation may remain the 
same, buildings vary as to the purposes for which they are required, and may, 
therefore, demand different treatment. Hospital wards, being continuously 
occupied night and day, present less difficulties than buildings only occupied 
occasionally, and it is because Hospital wards are so continuously occupied by the 
sick and suffering, for whom fresh air, without draughts, and an equable 
temperature as well as freedom from the noise and dirt of making up fires are 0 


Discussion. 45 


essential, that the Plenum system of ventilation can with advantage be employed 
for them. Can any one, who has practical experience in Hospitals where natural 
means for securing ventilation are alone relied upon, assert that the wards are 
always as fresh as they should be —particularly in the early morning hours—that 
draughts are never complained of, that in summer time they are never 
oppressingly hot, or in winter too cold, that the noise of making up fires at 
night never disturbs a patient’s rest, or that impure air is never drawn in from 
the sanitary conveniences? Yet, although none of these disadvantages exist 
where Plenum ventilation is efficiently applied, it is strange to find so many 
connected with Hospital design or management who, without taking the trouble 
to ascertain for themselves the possibilities of the system, ignorantly condemn it. 
When the Plenum system is applied to buildings which are only occasionally 
occupied, there is a tendency, for the sake of economy, to shut off the heat and 
power in connection with the ventilating appliances when such buildings are 
unoccupied; then, in addition to it being a questionable practice to stop all 
ventilation in a building for hours together, the walls, ceilings, floors, and 
furniture get cold, with a low temperature outside, so that condensation 
inevitably takes place on the surfaces when the warmed air is again forced in. 
This is not said in condemnation of the Plenum system for schools and public 
buildings, but to point out that some provision ought to be made for keeping up 
the ventilation—and warmth when necessary—even while the buildings may be 
unoccupied. It has been erroneously presumed that because he (Mr. Henman) 
has strongly advocated the claims of Plenum ventilation for certain buildings, 
that he discourages the idea that natural means can be advantageously employed 
in others. For all ordinary purposes, including private houses, he realises there 
is at present no real demand for it. Should cheaper motive power and more 
efficient appliances be devised the next Century may see its more general 
adoption; but in the meantime it behoves all who realise that efficient ventilation 
is essential to health and comfort, thoroughly to investigate what is possible with 
natural means, and strive to overcome the difficulties which undoubtedly exist in 
securing within doors an adequate and equable supply of air and suitable 
temperature, notwithstanding the constantly varying conditions of the outer 
atmosphere and of the force of wind. Whether natural means or mechanical 
appliances are employed for securing ventilation, there are many matters which 
should be taken into account ere a proper estimate can be formed of the degree 
of effective ventilation attained in a building, it is, therefore, to be feared that 
the statistics which Dr. Childs has produced are of little value without full 
knowledge as to the size, materials, and fittings of the several buildings, 
their general condition and surroundings. It had been suggested that bad 
building and materials aided, through cracks and crevices, the ventilation of 
the homes of the lower classes. In that there may be some truth, although 
efficient ventilation may not be secured; we should, however, Jearn therefrom 
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that it is a mistake to build practically air-tight dwellings. He had on a 
previous occasion suggested the possibility that London may, to some extent, be 
indebted to the pervious common stock brick for its reputation as a comparatively 
healthy city. The employment of machinery in the manufacture of bricks, and 
the demands of engineers for perfectly solid bricks for weight-carrying purposes, 
have led to a more general use of bricks of dense and impervious nature for 
domestic buildings, and there is ample evidence to prove that the truly natural 
ventilation of such buildings suffers in consequence. In addition to checking 
natural ventilation, impervious materials do not readily absorb or retain heat, 
they consequently remain cold, and when the temperature of the air is the 
higher moisture condenses on them. Many walls supposed to let wet through to 
the inside, really become damp by moisture from the internal warm atmosphere 
condensing thereon. Much has yet to be learnt respecting the effect of conden- 
sation in relation to the subject of ventilation, judging from the questionable 
views advanced by some men of acknowledged scientific eminence. In a letter 
to the Times of 31st August last Sir Benjamin Baker, in replying to criticism 
respecting the Central London Railway, drew some evidently erroneous inferences 
from the effect of cold on atmospheric air. His statement was that “a live man 
might be sealed up in a lead coffin for half an hour without any resultant feeling 
of oppression—provided he was treated as frozen mutton in a cold store, so that 
the air he breathed, though astoundingly foul from repeated breathing, might 
still remain cold.” The fact is, that should it be possible for a man to live under 
such conditions, it is not that he can with impunity breathe air “astoundingly: 
foul from repeated breathing” because it is kept cold, but because the metal of 
the coffin, being kept cold, causes the moisture, the animal matter and mephitic 
gases exhaled and exhuding from the man’s body, to condense, whereby the 
atmospheric air is more or less freed from injurious admixture, but any scientist 
should know that with every respiration of the man the air within the coffin will 
lose some of its vitalising power. Were Sir Benjamin’s inferences correct then, 
not only the Tube Railway, but all houses, workshops, schools, and public 
buildings should be constructed on refrigerating principles, and all attempts 
hitherto made to secure change of air and genial temperature within must be 
discarded. What do our sanitarians say to such a proposition? It is a well- 
known fact that it is unhealthy to breathe the outer air after sunset in some 
countries, and at times, even in England, we are advised to close windows at 
night. The chill of the evening causes moisture in the atmosphere to condense 
around the floating particles of dust. May there not be germs, or spores of 
germs among those dust particles, which, on being inhaled and brought into 
contact with the warmth of the body are vitalised, and become active agents in 
the development of disease? Again referring to difficulty of procuring an 
equable change of air within apartments in consequence of the varying force of 
wind outside, Mr. Henman said he had recently contrived a simple appliance by 
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which the size of the aperture for admitting air to an apartment is automatically 
regulated. It consists of a light 
cast iron box, with parallel sides, 
the outer face pierced for the 
admission of air, the bottom and 
inner face suitably curved, and the 
top partially open. A tale flap 
is suspended within, so that when 
it remains vertical there is a space 
between the lower edge of the 
flap and the surrounding box, 
equal to about one-third of a 
superficial foot. The flap is re- 
gulated to remain vertical until 
the velocity of the air passing 
through exceeds a rate of ten feet 
per second; but when that velo- 
city is exceeded the flap becomes 
deflected, and the lower edge 
thereof is brought nearer to the 
inner curve of the box, propor- 
tionately to the velocity of the 
air passing through, so that the 
space available for admitting air 
becomes reduced, and the inflow 
to the apartment is noiselessly 
maintained at a practically uni- 
form rate, whatever may be the 
force of the wind outside. Con- 
sequently personal attention is 
dispensed with. Automatic regulation is the leading principle of the appliance ; 
but to further reduce the velocity of the incoming air and cause it to become 
evenly diffused throughout the apartment, a panel of radiated louvres is supplied, 
to be fixed at the inlet opening flush with the inner face of the wall. 


INSIDE 


= 


Dr. . J. Srszemann (Chiswick) thought it was a mistake to call the open- 
air system a system of ventilation at all. It was not a system of ventilation, 


but simply an attempt to get as far as possible into natural conditions. It was. 


simply an endeavour to obtain pure air. No doubt many would bear him out 
that in hospitals, workhouses, private houses, and other buildings, by keeping 
the windows wide open far more fresh air was obtained than by any means 
of ventilation, plenum or otherwise. In course of time people could get so 
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used to cold air as really not to mind it at all. Dr. Childs said draughts were 
caused in this way, but if the windows were kept sufficiently wide open, there 
would be no draught at all. 


Dr. Grover Lyon (London) said one of the speakers mentioned eddies being 
caused in the room by the extraction system, but if it was seriously meant that 
& proper system of ventilation ought to sweep dust out of the corners of the 
room in this way, he had no more to say in fhe matter. As to the amount of 
air required for very good ventilation, it was easy to remember that it was one 
foot a second. An architect once told him that he often heard of ‘ heating and 
ventilation,” but he never heard of “cooling and ventilation.” This was one of 
the great difficulties of the subject ; people could bear currents of warm air, but 
it was almost impossible to introduce cold air, or even cool air, into a room 
without causing inconvenience. This was one of the difliculties which arose 
in trying to ventilate a crowded room without draught, and without raising the 
temperature. With regard to filtration of air they could get rid of dust by 
filtration through cotton wool. No doubt consumption could be cured in 
London, and it had been done,*but it was to be feared that after the patients 
left the doctor's hands, that they often returned to the bad conditions of life 
which had caused the disease. He was glad to hear in the paper very little about 
natural ventilation for crowded rooms. That was dying a natural death, and 
stood in the way of any effective solution of the problem. The relation of 
natural ventilation to mechanical ventilation might be compared with that of 
sailing ships to steam vessels. Of course, if they had any amount of time and 
it did not matter when they reached their destination, sailing sbips were all 
very well, so in the case of natural ventilation, as long as ample space was 
available no mechanical power was required. For the ordinary necessities of 
civilized life, however, for instance, to meet the cireumstances in which they 
were placed here in the lecture-room, natural ventilation was perfectly impotent. 
Mr. Henmin had complained of the absence of scientific treatment of the 
subject ; the speaker maintained that the main principle of good ventilation, 
was that we should depend upon convexion of the air, such as obtains in 
through ventilation, and not upon diffusion. Some learned men had done a 
good deal of damage by exaggerating the power of diffusion in ventilation. 
It could be put down as a cardinal principle in ventilation for crowded rooms, 
that no reliance should be placed upon diffusion. Inlets and outlets should 
be large and well distributed as in the system of his own to which Dr. Childs 
had referred. [Dr. Glover Lyon then explained his principles in detail, these 
having already appeared in a previous number of the Journal, Vol. XX. Part IV.] 
It was surprising to hear anyone defending the vacuum system against the plenum 
system, because the vacuum system had been tried and given place to the plenum 
system. The chief value of the plenum system over the vacuum system was 
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that we knew where the air was coming from. But he wanted to insist upon 
the enormous value of using both systems together. There were advantages in 
the plenum system, and there were advantages in the vacuum system, but there 
was @ double advantage in using both together. He entirely agreed as to the 
benefit of open windows, and teaching children to attend to the condition of 
the atmosphere in their rooms. 


Mr. W. Key (Glasgow) said that he desired to support the last speaker, 
Dr. Glover Lyon. He had made an assertion that they must not rely upon 
diffusion, and with that the speaker agreed, but he then followed it up by 
saying that he formed inlets on the one side and outlets on the other, and 
that he got his ventilation by passing the air across the room. Now if he 
did not rely upon diffusion, then how was it possible for those sitting under 
the level of that strata of travelling air to get any fresh air at all? 


Dr. Grover Lyon said he did not say so; the air could come in wherever 
it liked. 


Mr. W. Key, in reply to that, said that they knew that it was utterly 
impossible, even in summer time, for any one to sit in a passage of air.. 
That would be sitting in a draught, and if there was no draught there would be: 
no fresh air except by diffusion. A very important remark had been made that. 
night, in fact, nearly every speaker had said that they ought to depend largely 
on open windows. He wished to refute that statement, and he thought he was. 
able to do so from the same author as the lecturer, Dr. Childs, had quoted, viz., 
the late Prof. Carnelley. He was rather sorry Dr. Childs missed that point. In 
all the researches of the late Prof. Carnelley, and his able assistant, Mr. Hogg, 
F.C.S., they found that in a fair-sized class-room, with four windows on each 
side—the size of the windows did not matter and they could be entirely taken 
out—and with a passage of air from one side to the other across the room, there- 
would not be found a single microbe, nor any micro-organism in the upper part, 
but at the level where the children were sitting in the schoolroom it was 
invariably found that there would be seventy micro-organisms per litre, or nearly 
2,000 to the cubic foot. It had been said by Dr. Childs that micro-organisms did 
not count for much, they lived on them; but they were an indication. Analyses 
shewing the number of micro-organisms were only valuable in enabling them to 
get the conditions of atmosphere, and they gave them indication of other 
impurities present, and more dangerous ones, such as organic matter from the 
lungs, skin, and bodies of the occupants of a room. He said that in a special 
case Dr. Carnelley made this analysis of the air in which there were open 
windows, and he did so in beautiful country far from any city, up on the hills, 
and even under these conditions children were found to be surrounded with 
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an atmosphere in the class-room which had seventy microbes per litre, the same 
as he found them in the slums and class-rooms of a big city. He found there 
seventy micro-organisms even where open windows were in use. Now why did 
they find these germs in this space? Simply for the reason that if they 
made the windows each side of the room all open down to a certain level, 
from that level downwards there was a sort of tank, which was practically a well, 
and the windows and ventilation were all above that level. Could anyone tell 
him of a single method of ventilation that was called a natural method whereby 
air was brought in, not only to the level of the heads but moving round about 
the persons and sweeping away the stagnant atmosphere—could anyone tell 
him of a natural method where that was done successfully 2? He did not know 
ofa single one. There was not a single method of natural ventilation that moved 
any air whatever below that level. The air came in above the heads of the 
scholars and was directed towards the ceiling, and it passed upwards. That air 
did not work in very well, but was forced in by the pressure of the outside cooler 
air, and was pressed in and diffused and passed off at the outlets. What system 
was there that distributed and brought the air downwards to the heads of the 
scholars or the occupants of a room, and purified that atmosphere? He did not 
know one except the attempt at ventilation by extraction. It was shown by 
analysis to be the worst method of ventilation, for the reason that immediately they 
made a hole in the ceiling and put down an engine and extraction fan only from 
one side did the air come in, and it merely proceeded to satisfy the vacuum and 
keep up the equilibrium that the fan was disturbing. Not an ounce more went 
out of the outlet than would come in at the inlet ; the inlet and outlet must be the 
same, and the air must pass out as well as come in. What came in at the inlet 
went ont, but not an ounce more. It went out with the same volume as it came 
in, and nothing underneath the level of that current was disturbed. If they stood 
on the steps they could go quite close to the current of air, but they would never 
find the least motion of the air, for they could hold a taper close to the current of 
air and it would not be disturbed. Underneath, therefore, they had a stagnant 
atmosphere, where there was no ventilation whatever. The chief error of extrac- 
tion was this: when they had a building of twenty apartments, with a general 
extraction system, they only drew a volume from each room and air came in 
from staircases and lavatories, and other undesirable places, and they never purified 
their air, it came right across without being purified. The only method by 
which they could purify the air was by pulling the air from a known direction, 
filtering it and purifying it, and forcing it into the building, and it was by that 
method only that they could move the air from the ceiling downwards, and there 
was no method that he knew of that did ventilate all parts of a building such as 
they were then sitting in but the plenum method of ventilation. The section of air 
underneath the level of the window-cills was ventilated properly, and even the 
corners got a change of air from ten to fifteen times an hour by the plenum 
method. With regard to hospitals being open on both sides, the results of the 
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researches and work of Prof. Carnelley showed that the air was affected in the 
well underneath the level of the window in exactly the same way as in schools. 
Doctors and nurses going about breathed the purified atmosphere, but when 
lying down in the position of the patients it was very different thing. The 
only way to properly ventilate, as the last speaker said, was by mechanical means. 
In conclusion, he said that Mr. Henman mentioned the Birmingham Hospital, 
but he did not associate the speaker with it. It was therefore only right for him 
to say that in the plans for the Birmingham Hospital the competition drawings of 
Mr. Henman showed a natural system of ventilation, and a coil of pipes laid 
from room to room. It was not Mr. Henman who introduced the method of 
ventilation for the Birmingham Hospital, but the result of the persistent efforts 
of Mr. William P. Marshall, Civil Engineer of Birmingham, who insisted on the 
Committee seeing the speaker’s work, and the result was that they employed him 
to instal his system. 


Mr. W. Hayman (Birmingham) explained that it was with the greatest satisfac- 
tion that he had always hitherto acknowledged the fact mentioned by Mr. Key. 
Unfortunately he had omitted to do so on that occasion. He always acknow- 
ledged his great indebtedness to Mr. Key for the valuable assistance he had 
rendered in carrying out the work of ventilation, both at Birmingham and else- 
where, and he was glad attention had been called to his omission, and for the 
opportunity granted him to do justice to Mr. Key’s knowledge and experience 
in the ventilation of large buildings. 


Mr. A. H. Ova (London) gave particulars of a method adopted in 
ventilating a biscuit factory, which had an average temperature of 120° F., 
and caused much discomfort among the men. Holes were cut all round the 
walls at the bottom, near the floor, and in front of these were put plates 
which could be pulled out or pushed in; by experiment it was found that the 
best position for these plates was about 2 to 23 inches away from the walls; 
thus the whole of the bottom of the building was perforated, and the tempera- 
ture was reduced to 60 degrees. There were no draughts. Three large fans, 
formerly used as extractors, were done away with. That was in 1895, and the 
arrangement was still working well. 


Mr. G. M. Gorman (London), as a Civil Engineer, said the mechanical side 
of the question interested him most, but he thought that importance ought to 
be attached to Dr. Childs’ investigations in this matter. But Dr. Childs had 
not got a system, and did not claim anything original; he desired to take the 
best from each of the systems which had been suggested. Something had been 
said as to air coming in through bricks, but he was quite sure that the amount 
of air moving through a brick wall would not amount to two-thirds of an inch 
a minute, or anything like it. Ventilation must therefore be assisted by some 
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artificial means. Mr. Key bad misunderstood Dr. Glover Lyon’s remarks 
entirely ; the latter made his incoming air move uniformly, and at a definite 
pace across the room at the rate of one foot a minute. He thought this was an 
excellent method of attacking the problem, and it deserved considerable attention, 
With regard to heating, he thought it was a very important thing not to heat 
the air if it could possibly be avoided. Radiant heat is the most comfortable, 
and it was a delightful way of being warmed while breathing condensed air. 
He did not think there was anywhere in the market in England a perfectly 
designed radiator. 


Tue CrarrMayN, in summing up the discussion, pointed out that with the 
limited time they had for discussion it was impossible to avoid being more or less 
superficial At the same time it was not expected that each speaker should 
attempt to discuss the subject as a whole, but that he should deal with that portion 
in which he felt most interested. He believed that if they were brief and prac- 
tical on these occasions, a great deal of good resulted from their discussions, 
He felt sure those present were very much obliged to Dr. Childs for placing his 
ideas before them so clearly and fully, and also appreciated the advantage of 
hearing Mr. Henman, Mr. Key, and the other gentlemen who had spoken. He 
thought the discussion pointed to the fact that intelligence, skill, and care on the 
part of those in charge of the buildings was essential. If these were not forth- 
coming any system would fail. Dr. Shelly had shown there was another side 
to the question, and he was pleased to hear Mr. Henman state that there are 
other means of efficient ventilation besides that of the Plenum system, and that 
he was not committed to the Plenum in any shape, except for those large 
buildings in which it was necessary to force air in in the way mentioned. As an 
Architect the Chairman thought there would be many difficulties in the way of 
adopting Dr. Glover Lyon’s system, in fact it might seem almost impracticable, 
although many things were now done which seemed at the first impossible, and 
it was hoped that Dr. Glover Lyon would devote time to develop the system in 
which he had confidence. It was impossible not to feel that a good deal 
remained to be done to ensure the regular movements of fresh air through every 
part, not only of schools, hospitals, and churches, but of all other buildings in 
which people congregate. The need for better ventilation in churches was most 
apparent. He was convinced that what they had heard that evening would 
move the subject on a little further, and he begged to propose a hearty vote of 
thanks to Dr. Childs for his paper. 
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SANITARY APPLIANCES. 
By W. C. TYNDALE, M.Inst.C.E. 
(FELLOW.) 

Delivered March 15th, 1901. 


HE subject of this lecture was “Sanitary Appliances,” and in a future 
lecture he would have the pleasure of treating of house drainage. 
Of course drains and all their arrangements were really sanitary appli- 
ances, but the term sanitary appliances was now generally understood to 
mean the fittings within the house. He should have included soil pipes 
amongst sanitary appliances, but soil pipes and ventilating pipes had been 
thoroughly treated of in a previous lecture. He could not therefore quite 
divide the subject of drains and sanitary appliances by drawing the line 
between those things which were underground and those which were above 
ground. 

The main principles which govern sanitary fittings, and also the designing 
of drainage, were that all foul matter should be removed as quickly as 
possible, and that the accumulation of foul gas should be prevented. He 
mentioned the point particularly, because if persons applied those two 
principles to any appliance which they might be inspecting or considering 
on its merits, they would be able to pronounce whether it was a good one 
or not. 

Excepting the soil pipes, the first and most important appliance in the 
household undoubtedly was the water closet. They were at best, no 
doubt, but a necessary evil. The position of the water-closet apartment, 
he presumed, had been treated of in the lecture on “ Building Construc- 
tion,” but he would point out that it was of great importance that the 
water-closet. appartment should be in direct communication with the 
outer air. Numerous old houses in town and in country had the closets 
placed well within the building and there was no communication with the 
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outer air, causing thereby the most undesirable results, viz., that whatever 
smells or foul air were produced must pass into the building. Now 
however, by legislation and by practice, the water closet is not allowed to 
be constructed without direct communication with the outer air. For 
hospitals it was usual to put it in what was called an “annex,” that was 
an adjunct to the general body of the building, and to construct a vent- 
ilating lobby between the place where the water closets were and the 
wards, so that the fresh air could always blow through and thus form a 
“cut off.” A closet should also have plenty of light and means of vent- 
ilation; light perhaps was almost as important as ventilation, because it was 
more likely to ensure the water closet being kept clean, otherwise it 
might smell through the appliances getting dirty as well as out of order. 

Coming to the apparatus itself, he would divide water closets under 
two heads, viz., “ hopper” closets and “ valve ” closets. 

The hopper closet might be distinguished from the valve closet 
generally by saying that it was a closet which had no valve, but in which 
water was held up by the trap in the apparatus itself; while the valve 
closet was one in which the water was held up by a valve. These hopper 
closets were quite the simplest of all water closets apparatus, and they were 
the cheapest, and were perfectly sanitary so long as they were in use. He 
mentioned this latter point because this form of apparatus was generally 
provided in institutions or schools, where they were periodically left out 
of use for a considerable time. In such conditions there was a likelihood 
that the water which formed the seal between the drains or soil pipe and 
the room might evaporate, and the drain air or the soil pipe air would 
pass into the house. This was a point not often brought forward, but he 
had found from experience that it was one that should be attenced to, 
and those who might perhaps have the care of institutions should 
remember that this takes place, and that the w.c. appliances when out 
of use should be kept well charged with water or they should be filled 
up, as he often had done, with sand covered with a coating of putty. 

One of the great differences between the “hopper” closet and the 
“valve” closet was in the area and amount of water which was contained 
in the basin. Of course it was obvious that with plenty of water in the 
basin there was not much chance of the interior being fouled. With the 
hopper closet one of the difficulties was that a sufficient area of water 
could not be obtained without other troubles occurring. The water must 
necessarily lie in the basin at the height of bridge of the trap. To get 
enough water to give the area which would compare with the average valve 
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ye necessary to carry the bridge of the trap up toa 
uld give them something like six or eight inches of dip 
it was found that it had to be a specially well con- 
nable anything like the ordinary flush of water to carry 
e basin when the traps had the ordinary dip of 12 to 24 
; almost impossible, with the usual two gallon flush of 
iste preventor, to get anything like a large area of water 
ut the chance of matter being left behind after the flush. 
the Parkes Museum there were a good many basins which 
vater areas, but there was a rubicon which could not be 
inary hopper water closet without special flushing. If 
our gallons of water were provided in their flushing 
ve flushing pipe, larger areas of water could be arranged, 
Jompanies did not as a rule allow a flushing supply of 
llons. While on that subject he might say that a year 
anitary Institute, with other Bodies, made a very great. 
ulation passed which would cause the Water Companies. 
e-gallon waste-preventing flushing cistern being used in 
the hopper water closet. The matter was argued before 
of the Local Government Board and some legal re- 
he was sorry to say that the Sanitary Institute, and the 
ested in the matter, were not successful, and to that day 
anies did not generally allow a flushing cistern of more 
Therefore the hopper water closet, unless specially con- 
ot have a very large water area. He thought on the 
the chief points in connection with the hopper water 
he valve closet. 
first described a very old-fashioned hopper closet. The 
be said to date back from the time when simply a shoot 
1ing else. He was not quite clear as to how the term 
to be used, but the “hopper” in the manufacturing 
verted cone-shaped vessel which enabled ores and their 
1 into the furnace, and probably that was the reason why 
lied to the closet which was somewhat like an inverted 
form of this closet there was no attempt at a proper 
vas a small connection from the cistern or water main, 
trap at the bottom of the basin which caused the water 
evidently did not matter to the people who invented it, 
1 was enough to carry the matter away, or simply to 
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First he should say that the usual generic name for a proper hopper closet 


was the “ Wash Down Short Hopper.” 

The illustration (fig. 1) showed a long 
hopper with the flush coming in by an 
arm which created a spiral flush. This 
form used to be pretty generally used 
in the old days, but the flow of water 
did not flush the basin, or exert any 
influence in cleaning the trap. It was 
hardly necessary to say that a rim flush 
was a great improvement, and that no 
hopper basin should be without it. 

Fig. 2 was a representation of what 
was known as a “wash out” closet. He 
said just now that the best hopper was 
known as the short wash down closet 
(shewn in fig. 3). The one now illustrated 
was a wash out. It con- 
tained a small amount of 
water in the basin which 
was a more or less advan- 
tageous feature. The flush 
came down all round the 
basin, washed over the weir, 
and went into the trap, and 
thence into the soil pipe. 
In these closets, first, there 
was a liability to foul the 
bottom; secondly, the way 
in in which the flush was 
broken up prevented its 
energies being directed to 
wash out the trap so that 
it was seldom cleared; and 
thirdly, there was a vertical 


Fie. 1. 
Lona Hopper. 
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Fig. 2. 
Wasu Ovt Croset. 


pipe-like portion out of sight which became foul. Next there was an adapt- 
ation of the hopper closet to form also a slop sink (fig. 4). It was made 
with a square top and it would have the usual seat. It gave a large open- 
ing for slops to be poured in. He should say, however, that in such a case 
it would be necessary to have a three-gallon flushing cistern or the trap 
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would not be cleared. They would remember that he told them that with- 
out some special arrangement it was impossible to have a large area of water 
in the basin without 
the chance of the basin 
not being properly 
cleared by the flush. 
Several appliances had 
been constructed to 
get over that difficulty. 
The illustration (fig. 
5) was a closet basin 
of an old type, and 
was made with a large 
water area, the dip of 
the trap in consequence 
being deep. It hada 
double trap, and a sy- 
phonic action. It was Fie. 3. 

called the “ Dececo,” Wasn Down Ctoser. 

and was the first “sy- 

phonic” closet. The next advance in that direction was Jennings’ “Closet 
of the Century” (fig. 6), also a syphonic closet. These closets took the 
name of “syphonic” as a class. 
In the illustration the basin 
gave a large water area, and 
it had a long outlet pipe, and 
at the bottom a bend which 
the manufacturers called a 
“weir bend.” The action was 
this: when the waste preven- 
tor discharged, the flush came 
partly into the basin and partly 
down the vertical outlet pipe, 
causing the air to be blown 
out. The water immediately 
sealed up the weir bend to a 
certain point, and then the 
action was the same as that 
of a siphon, a vacuum taking 
place, the water in the basin was sucked out, and the whole volume went 
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Fic. 4. 
Wasu Down Coser 
(WITH BASIN ENLARGED FOR Stops). 
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out, taking ser leraath with it. 


closets. The illustra- 


tion (fig.6) wasanother 44 
. illustration of it, but a 


more complicated ap- 
paratus. In the one 
shewn in fig. 5 the 
trap at the bottom 
was not full of water, 
in the one shewn in 
fig. 6 it was, and it 
had a little puff pipe 
through the wall. It 
was not until the water 
closed up the mouth 
of the pipe that a 
vacuum was created. 
The illustration (fig. 7) 
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That was the principle of all the syphonic 
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was the “Barrhead,” by Messrs. Shanks. It was simpler, and, so far as 
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BarrHeaD Croser (SIPHONIC). 
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his experience went, it acted >i 


extremely well. There was 
one other point in connection 
with these syphonic closets, viz., 
that in order to get the water 
back to its original level in 
the basin there was what was 
called an “after-flush.” After 
the discharge took place a 
little water ran in and filled 
up the basin to the required 
level. What he was saying 
might seem rather going into 
details, but it was right that 
they should know all the de- 
tails of the different kinds of 
closets. Fia. 8. 
The distinction between Oxp Pan Crospr. 
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valve closets and hopper closets was that in the first-named the water was 
held up by a valve. The next diagram (fig. 8) was an illustration of a well- 
known old closet of the valve type called the “pan” closet. He doubted 
whether any of the students had seen many in use. When he was a young 
man they were fixed everywhere. There was a hopper basin fixed in a 
large “container,” as it was called, and in this container worked a copper 
pan, or bowl. On examining any of these old water closets one would 
find that each of them had a good copper bowl. If put on a short stick 
as a handle, it made one of the best bowls they could have. This pan 
when in position kept a certain quantity of water in the basin. The pan 
was actuated by a handle outside, which when raised allowed the contents 
of the basin to fall into the container, and thence to the soil-pipe. Below 
it was fitted a trap or not, as the case might be. If a trap was fitted 
it was usually a “D” trap, as shewn in the illustration, a trap peculiarly 
liable to become foul. The basin was 
flushed by a pipe connecting with a 
flushing box in the cistern over. The 
great objection to this apparatus was 
that the discharge from that basin 
splashed all over the container, and it 
became coated with filth. Every time 
the apparatus was used the whole of 
the foul air in the container came 
out into the operator’s face, and then 
pervaded the house. Fig. 9 showed a 
“D” trap that was usually fitted with Fic. 9. 

this form of closet. Ov D Trap, 

After the “pan” closet there was a great improvement made by the 
introducing of the first true valve closet. In place of a container it had 
only a small box, in which worked a small water-tight valve; this was 
actuated by what is called a bell crank lever attached to the handle of the 
apparatus, this handle also pulled a wire which let water down in the basin 
from a cistern over. Then came the modern valve water-closet with its 
accompanying water valve, actuated also by the handle. The end of the 
flush-pipe, however, was fitted with a spreader which spread out the water, 
but if the spreader did not spread the water far enough there was the lia- 
bility of the basin being left uncleansed. The next improvement was the 
addition of a flushing-rim to the basin, which made what he might call 
almost a complete valve closet (fig. 10). There was the rim-flush and a 
proper overflow-pipe with very large holes in the top of it, so that a good 
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portion of the flush passing down the basin was certain to clear the trap at 
the foot of it. 

Next came a differ- 
ent kind of closet alto- 
gether, known as the 
“latrine.” This was only 
suitable for institutions, 
factories, schools, and 
other places. The earliest 
form consisted, instead of 
a single basin with the 
whole apparatus for each 
individual, of an iron 
trough fitted with a lid 
for each seat. Then 
there was an improve- “i 
ment on this, consisting - Wri 10, 
of a large stoneware pipe 
with openings at the top 
for the seats (fig. 11) and 
with an automatic flushing tank, the water from which flushed out the 


Mopern Vatve Croset (with Basin 
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Fic. 11. 
Bowazs, Scorr & Western’s Latrine. 


pipe so that the contents of the pipe were discharged over a 
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weir and through a trap, very much as water out of a hopper or 
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| 
wash-out closet (fig. 2). To his mind, although it was fairly sanitary } 


Fie. 12.—Apame’s Latring. 
in one way, it was not a good kind of water-closet, for the reason 
that the air coming from one seat passed to the other seats. There was 
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Fie. 13.—Jenninas’s Latrine. 


no security against evil smells passing from one to another. Then again 
it did not hold enough water to quite cover the fecal matter. The 
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next diagram (fig. 12) was an improvement on the last, it was one of 
Adams’s, and contained a larger amount of water, it acted very much as 


Ducketr’s Larrine, 
the other, the flushing tank went off periodically and drove everything 
into the drain. He ought to mention that Messrs. Jennings had a latrine 


Fie. 15. 
Dockerr’s Stop Warznr CLoseEt. 


(fig. 13) which had a series of basins fitted to a common outlet-pipe, and 


64 Sanitary Appliances, 


the water filled the basins half-full, which was a much more sanitary 
thing, to his mind, as it ensured a larger volume of water for the fecal 
discharge, and insulated each _ : 

seat. There were now improve- | 
ments on these, such as Duckett’s 

(fig. 14), but he had not time 

to explain all the details of the | 
trough closets; the point to look | 

at was whether they cleared | 
away sufficiently quickly, and 
whether they avoided the pro- 
duction of foul air. 

There was also a kind of 
closet used very much in manu- 
facturing districts. It was called 
the slop closet. It was placed 
just deep enough in the ground ~~ 
to be flushed from the tipper, an See: b 4A ems / 
arrangement provided to receive Fic. 16. 
the waste water from the sink 
(figs. 15, 16, and 17). The aim of 
these closets was to avoid waste of water. They were only suitable for the 
dwellings of artizans, miners, and factory hands. The waste water from 
the cottages was brought to the tipper, which, as soon as it became full, 
overbalanced and flushed the closet. Another form of slop closet was Day’s 
closet, which had the advantage that the tipper was placed under the 
seat so that the fecal discharge fell into water (fig. 16). The next illus- 
tration (fig. 17) was one of Fowler’s closets; it was really only a modifica- 
tion of Day’s. Those closets did undoubtedly meet a want much felt in 
the manufacturing districts, and although, of course, they were not quite 
refined arrangements they were fairly sanitary. 

Now they passed from water-closets to dry earth conservancies. There 
were places where, owing to lack of water or the difficulty of sewage 
disposal, earth-closets or pail-closets were used. The closet in its simplest 
form was a shoot with a seat over the pail. It was usual to have a box 
of earth alongside, and after the closet has been used some earth was put 
in. In some places it was specially arranged that the ashes from the 
house should be used. The illustration (fig. 18) was a representation of 
Moule’s earth-closet. So absorbent and deodorizing was good dry earth 
that a breakfast cup full was sufficient to deodorize a discharge. Where 
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it was not successful the cause was generally found to be that the right 
sort of earth was not used. The pails in these closets were sometimes 
fitted with more or less air-tight lids so that they could be closed for 
removal in the scavenging carts. The form of pail known as the Goux 
pail was lined with something porous, it might be peat, or straw, or hay. 
This absorbed a great deal of the moisture, and when it was full it was 
carried away. At North Camp, Aldershot, this was the system used for 
many years, and had only lately been abolished. 


YARD or 
PASSAGE. 


Fic. 17. 


Fowter’s Stop WartEr C1oser. 


Fig. 20 represents a portable pail closet fitted with a wooden cover seat, 
underneath which is a rotating tray intended to be filled with a mixture 
VOL, XXII, PART I. E 
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of soot and salt. The bottom of the tray is perforated, so that on being 
rotated slightly the soot and salt was sprinkled over the contents. 

He would now men- 
tion the cisterns which 
flushed the hopper water 
closets. The diagrams 
(figs. 21 and 22) repre- 
sented the kinds of cis- 
terns generally used, 
although he ought to say 
there were hundreds of 
patterns of flushing cis- 
terns. Some hada valve, 
and the handle had to be 
held until the whole of 
the water was gone. 
It should not be so. A 
good cistern ought to 
be such that directly 
the handle was pulled 
they got the whole of 


Fie. 19. 
Briiish Sanitary CoMPany’s — 7 Fie. 20. 
Eanta Croser. Soor anp Sart CLoser. 


the two gallons, or whatever the cistern contained, and there should be 
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no chance of getting less. He described the evolution of the flushing 
cistern, pointing out the various faults and the improvements made. 
With regard to flushing 
cisterns or ‘waste pre- 
venters” as they were 
called, he would repeat 
that a good waste pre- 
venter flushing cistern 
should have no valve 
either within itself or on 
the pipe connected with 
water closet. 

Perhaps he should say 
something about urinals. 
Urinals were necessary 
evils, and the great 
difficulty in connection 
with them was that the 
urates became deposited 
on the basin. Even good 
and frequent flushing did not clean the deposit off. ‘The only way to 
avoid the deposit of urates was either to have the basin thoroughly cleaned 
with salamoniac, or else to put in the basin something which prevented the 
deposit. Camphor or a piece 
of soap would do. He would 
tell the students a “ dodge” 
as it might be called, for a 
temporary urinal. If they got 
a glazed stone-ware pipe and 
cemented it at the bottom, 
placed it vertically, and put 
some fir or pine sawdust in, 
the urinal could be used until 
the sawdust was saturated. 
They could keep filling in the Parstey Waste PREVENTER. 
sawdust till the pipe was full, and they would never have the least smell 
or offence. They could thus make a temporary urinal for a camp hospital 
by the use of sawdust, and even peat thoroughly dried might be used in 
that way. 

With regard to slop sinks, these must be designed specially according 


Fie, 21. 
“RELIABLE” Waste PREVENTER. 
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to what the sink was to take. A slop sink to take bedroom slops was to 
all intents and purposes, or should be exactly like, a water closet, and in 
a private house there was no necessity to put up a slop closet where a good 
water closet existed. A water closet seat could be adapted so as to form a 
slop sink. A w.c. basin could be ia a with a slop top (fig. 23), and if such 
were used there was little 
chance of splashing taking 
place when the slops were 
pouredin; theseatshould 
always be inade to raise, 
and sometimes an india- 
rubber pad was put in 
front, so that the edge 
of the basin might not be 
broken by buckets. That 
was the slop sink he would 
use in a private house. 
Taps should never be put 
over a slop sink down 
which bedrvom slops and 
sick room slops were Fie. 23. 

thrown, because very 

often servants, after wiping out utensils with a rag, hung the rag on the 
tap, and probably somebody might afterwards draw a glass of water from the 
tap. In the case of a hospital the slop sink should be a something more 
than the ordinary water closet basin, because at a hospital slop sink the 
cleaning of the bed pans always took place. There had not been, to his 
mind, a thoroughly efficient hospital slop sink made. People used them 
and got the best they could, but those at present in use were not 
satisfactory. In addition to the usual flush and taps for water, there 
should be a jet of water for cleaning out bed pans. Some had been 
made which acted fairly well in one way and another, but there were 
several difficulties that had to be overcome in the details of a hospital slop 
sink, and it must be arranged to clean bed pans and other utensils 
thoroughly. 

He would now pass on to the subject of baths. Baths were made of a 
great number of substances, of copper, iron, zinc, porcelain, slate, and 
practically of any metal which was easily wrought. But he would treat 
on those of copper, iron, zinc, porcelain, and slate. Copper baths were 
first-rate things; they did not absorb the heat from the hot water, and 
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they were everlasting. When worn out as a bath the copper was always 
valuable. But a copper bath was not within the means of everyone, and 
the iron bath was what was generally used among people of moderate 
means. Iron baths should of course always have some kind of internal 
coating; they might be painted, but an improvement was enamelling. 
Hitherto it had been found that after a year or two the enamel came off, 
and the bath had then to be painted. The paint wore off in about six 
months, and so the bath never looked neat and clean. The only remedy 
was to take out the bath and have it re-enamelled.- In the last few 
years the manufacturers had 
brought out a vitrified en- 
amel. This was precisely sim- 
ilar to the enamel on sauce- 
pans and pans in the kit- 
chen, and to his mind nothing 
could be better. The zinc 
bath was light and did not 
take the heat from the 
water, but unless it was 
made of thick zinc it was 
likely to get out of shape 
from the weight of the per- 
sons using it. The porcelain 
bath was a very fine looking 
thing, but it was very heavy. — 
It used to be supposed that Fie. 24.—JEnnines’s Bata Waste. 

it took up a great deal of heat from the water, but it was found 
from some experiments that had been made at that Museum that this 
was not so. An objection to it was that it was rather slippery, and 
for very old persons or very young ones it was a little dangerous. A 
slate bath could not be made without angles, and as angles in a bath 
were objectionable, he would not waste time in discussing the slate 
bath. Baths, he would point out, were not now boxed in with wood- 
work, but stood out independently and had a neat appearance; and 
whether made of iron, zinc, or porcelain. the edges were rounded off so 
that persons could get into them without injury. The diagram (fig. 24) 
was a representation of Messrs. Jennings’s bath outlet. The great object 
of the outlet of the bath was to have it large enough to flush the drain as 
well as empty the bath quickly. The next illustration (fig. 25) was that 
of Shanks’ “ Perfecto” bath, which emptied very quickly. Every bath 


70 Sanitary Appliances. 


should have an overflow, but this should never be taken into the waste 
pipe below a trap, be- 
cause air was likely to 
pass up it and foul the 
room. 

Of lavatory basins 
there was not much to 
say. They were not 
appliances of much 
importance. It was 
necessary, however, to 
take care that the 
pipe connections were 
such as not to cause 
offence, either by ad- 
mitting foul air, or by 
becoming coated with 
soapy slime. A simple 
and accessible arrange- 
ment of a lavatory waste outlet and overflow pipe was shown (fig. 26). 

A distinction must be made between a flushing cistern and a flushing 
tank. A flushing tank was a tank which discharged automatically, and was 
provided where drains were not self-cleansing. They were usually of what 
was called the syphonic type, the method of the discharge being very 
similar to that of syphonic closet. There were 
several patent flushing tanks (figs. 27, 28, 29), 
but all were based on the same idea. It had been 
found very difficult, where the tank was small 
and it was only wanted to go off once a day, to 
make it discharge by the very small flow which 
must be allowed to run into it. The stream 
into it had to be made exceedingly small, and 
sometimes not more than a drop by drop flow. 
Under these circumstances it was very difficult 
to make the syphon go off. Nearly twenty- 
five years ago he was so much troubled by sy- 
phons refusing to act when the flow was so 
small that he got some manufacturers to make Fie. 26. 
what was known as the “reverse” ball valve, Lavatory wit OVERFLOW - 
This was fitted near the top of the tank, so WICH CAN BE CLEANSED. 


“* Perrecto”” Baru Waste. 
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that when the water which dribbled in got to a certain height, the ball, 
instead of closing up, opened the pipe-way, and the water came in full 


Fig. 27. 
Frevo’s Fiusu Tank. 
flow. He would not put up one of these flushing cisterns without the 
reverse ball valve. 
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PatmeEr’s Fiusn Taw. 
He wanted to impress on the students, with regard to sanitary appliances, 
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that they should apply the rules he had given them, and remember they 
could not be too thorough in having appliances properly fitted up, or they 
might find that a house, otherwise well-drained, would become insanitary. 


There were numerous little things 
which contributed to foul air in a 
house which were not as fully recog- 
nized as they might be. He would 
give them one instance, and that 
was that the underside of the seat 
of a water-closet, owing to splashing 
in the basin, was liable to become 
coated with urates, and cause an 
otherwise proper w.c. to be offen- 
sive. The underside of the seat 
should always be attended to, and 
the housemaid instructed to wash it 
every day or two. That was one 


Fiusa Tank wits Tirpine 


little point he would mention, but there were numerous others, which 
had, no doubt, been brought to their notice, in connection with the 


lecture on plumbing. 
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ne Lecturer said his subject was house drainage, as distinguished 

from any sewer or sewer connection, anc presumed that the sewage was 
carried away and disposed of beyond the confines of the premises drained. 
Drainage in its simple meaning was the conveyance of liquid from where 
it was not wanted to where it was wanted, or to where it is harmless. 
Drainage must conform to the rules which govern all sanitary arrange- 
ments, namely, that foul matter should be conveyed away as quickly 
as possible, and that the production of bad gases should be prevented. 
These two rules might be looked upon as a guide when judging of an 
appliance as to its suitability and fitness. 

The first thing to do in dealing with house drains was to shorten and 
simplify them as much as possible. Having marked out the line of drains 
Suitable to the building to be dealt with, it should first be ascertained how 
much fall was available, or what incline could be given to the drains. 
The fall required in drainage, especially in house drains, was determined 
by the power of water to move foreign substances through the pipes. 
Experiments had shown that one foot per second would move sand and 
grit, and small particles of that kind; two feet per second would generally 
move rounded pebbles; and three feet per second would move angular 
Stones, A velocity which would move angular stones would move also 
conglomeration of organic matter found in house drains. Drains, there- 
fore, should be capable of giving a velocity of three feet per second to 
the sewage running in them. A rough rule by which could be ascertained 
the capacity of drains in respect of velocity was to multiply the diameter 
by ten, and allow for a fall of one for the figure so obtained, namely, a 

four inch drain should have a fall of one in forty, a six inch, one in sixty, 
and a nine inch, one in ninety or a hundred. These inclines were based 
on the assumption that no larger amount of sewage running in the drains 
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than would usually come down them. Whenever drain pipes were run- 
ning half full, or more than half full, a much flatter incline could be 
given. It was not the general experience to find drains running more 
than a quarter or one-third full, therefore, the inclines mentioned should 
be adhered to as nearly as possible. When the drains run cleanly with 
the ordinary amount of sewage coming away from a house and keep 
themselves clean, they were said to be self-cleansing. If they were not 
self-cleansing they would require a forced velocity, either effected by the 
discharge of a flushing tank or by some appliance made to discharge with 
great velocity into their head. Thus, it was a great advantage to have the 
outlet of a bath of a large diameter, so that the bath water might specially 
flush the drains. 

In the ordinary house the size of a drain was generally a matter of 
rule of thumb, that is to say, 4-in. pipes were put in for the smaller branch 
drains, and 6-in. pipes for the main drains, and those sizes were generally 
sufficient. Only when dealing with larger buildings than an ordinary house 
would the size of the drains have to be considered. The rainfall would affect 
the size of the drains, but it was only of importance in buildings where there 
was a large roof or hard surface. In these cases about one inch of rain per 
hour was the right amount to allow for. This amount, however, should not 
be confused with that to be allowed in the case of towns, where there were 
open spaces gardens or roads, which drained into the river or surface water 
drains; but in dealing with such places as barracks, institutions, and so on, 
an inch of rain per hour should be allowed for in calculating the diameter 
of the ordinary drain. For ordinary houses 4-in. drains for small branches, 
and 6-in. for the main drain, could be with safety adhered to. 

Sometimes people thought benefit would be derived by separating slop 
water from the actual soil sewage, but this was a wasteful way to arrange 
drainage, for in point of foulness the slop water from sinks and similar 
places was as bad as any sewage, thus there was no benefit gained in 
separating the slop water from the usual soil water. 

In laying out a system of drains it is now usual to lay them in 
straight lines; this might seem hardly consistent with regard to what 
had been said as to making drains as short as possible, because it would 
be easier to shorten drains by laying them in curves round a house 
than by laying them in straight lines; but the difference between a 
curved line and a number of straight lines inclined to suit the direction in 
which the sewage would go was not great, and it had been undoubtedly 
proved that the best and most correct method of laying drains was to lay 
them in straight: lines. The old way of laying drains was to get close to 
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the cesspool or sewer, to dig a portion of a trench, put in a pipe, throw 
the earth from the next length of trench back over the portion just laid 
and so on, and coming up to the building somewhere, the level did not 
matter, so long as the two ends of the drain were open, it was hoped the 
drainage would get away. This method was not now tolerated. Now 
drains were laid from point to point with the fall that was available, and 
properly apportioned between the various parts. The trenches dug would 
not be simply Jeft as opened, but the bottoms would be carefully formed 
to a true incline; also, if the ground were found to be treacherous, con- 
crete, or something which would form a firm foundation, would be put in. 
It was especially necessary to guard drains passing close to a building, 
where there was a basement, so that the sewage would not leak from a 
higher level into the ground surrounding the basement. Therefore, all 
drains which were bound to run at a high level round a house having a 
basement, were specially cased or made of iron. 

Drains were usually made of stoneware; the best material was 
composed of Devon and Dorset clays, which were derived from disin- 
tegrated granite chiefly; but there was other material, such as the 
Midland fireclay, which was often passed off as the genuine article, 
and specifications should specially state whether drains were to be of 
stoneware from Devon and Dorset clays, or whether they were to be of 
Midland fireclay. There was a great difference in the material. For 
Ordinary drains where there was no great pressure Midland fireclay 
stoneware was good enough, but where drains had to be laid at great 
depths it would be found that unless the pipes were very strong and 
Specially packed with concrete they would crush. He had found large 
numbers of drains crushed by the weight of the superincumbent earth. 
A good way of trying the material of a pipe was to break a piece off 
and wet it. If the moisture disappears quickly it was a rather soft 
fireclay; if it stayed and shone the material would be impervious or a 
true stoneware, or nearly approaching it. In making stoneware drains or 
Pipes it was found that the clay cockled and twisted in burning, and 
therefore the length of each pipe was not more than 2-ft., 2-ft. 6-in., or 
3-ft. as a rule, depending on the diameter of the pipes. Smaller sized 
Pipes, such as the 3-in. and 4-in., would be 2-ft. long; 6-in. and 9-in., 
2-ft. 6-in. to 3-ft.; and 12-in. pipes may be 3-ft. long. Hence it could be 
realised what a large number of joints there must be in the drain, and this 
constituted a difficulty in getting them sound and watertight. 

The ordinary drain pipe was laid with a cemented joint, but it was found 
in practice that the British workman, whether on purpose or accidentally, 


76 House Drainage. 


made such bad work with the ordinary cemented joint that he often 
brought into disgrace the whole drainage system, necessitating it being 
reconstructed. To avoid these difficulties a good many patent joints had 
been made, the earliest being the Stanford Joint, which consisted of a 
ring of bitumen tapered on the inside, cast in the socket of the ordinary 
pipe, and a corresponding ring cast on the spigot of the pipe which had to 
fit into that socket. These were cast in truly turned moulds, and the 
consequence was that with a little grease they fitted exactly, similarly 
to a turned and bored joint. It was found, however, that although these 
made excellent joints to begin with, in the course of time they became 
leaky, not from decomposition in the material, because they had been 
found to stand almost anything that could come down, except perhaps 
extremely hot water, say when a boiler was emptied, but more pro- 
bably, he thought, from the expansion and contraction of pipes under 
different temperatures of sewage. However that might be, the fact 
remained that these joints did not remain tight, and they brought 
great discredit on engineers when the drains were tested after they had 
been laid a year or two. To get over this difficulty Messrs. Doulton 
brought out a joint very similar, but instead of being wedge shape so as 
to jamb together, the fitting surface of the material in the socket was 
made parallel, while the material on the spigot was cast with a spherical 
surface. This was supposed to enable the pipe not only to expand and 
contract, but if the ground sunk a little it would enable the pipe joint 
to move without any leakage taking place. That joint seemed to get over 
some of the difficulty, but it could readily be seen that if it depended upon 
the nicety with which one pipe could slide up inside another, there would 
be a difficulty in making that joint quite watertight. Moreover in 
drainage it was not desirable to allow for the sinking of the ground, for 
this should be prevented by forming a concrete bed. Therefore the 
advantages of that particular joint were not very apparent, especially 
when it was remembered that there was no other sealing except the 
bitumen to keep the drain pipe tight. An improvement on that plan was 
where the bitumen was put into the spigot and socket, as in the case of 
the Stanford pipe, but the socket was made deeper and undercut, so that 
when the pipes were put together they were concentric, as in the case of 
the Stanford and Doulton joints, but made absolutely tight by cement 
put over afterwards. Another joint was called the Archer joint, with a 
rather complicated spigot and socket, round which was placed clay to form 
a joint temporarily, and then cement was poured in at a hole at the top, so 
as to run round the space between the two flanges. Well, the cement 
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did run round and it did not. In the larger pipes that joint seemed to 
work pretty well, but in the smaller pipes it was not trustworthy. The 
Hassell joint was similar to the last, but had bitumous rings to take the 
place of the clay lining, and the cement was poured round. This joint 
also gave both good and bad results. Then there were screw pipes which 
resembled the screw stoppers of beer bottles. These pipes found favour 
with some engineers, but the lecturer had no experience of them. 

Now a good pipe was capable of standing a considerable head of water 
as a test. Nearly always it would be found that these pipes bled or 
sweated through some little pores, and if a pipe was suspected of being 
porous, the best plan was to test it before it was put in and not after- 
wards, because the porosity of the pipe would prevent complete information 
being obtained as to whether the joints were tight. The test applied to 
drains when they were laid was to plug them at the bottom and fill them 
with water. Some people thought this was too severe a test, but it was 
to be remembered that when a drain got stopped and the sewage backed 
up in the pipes, the drain was undergoing a similar strain to that of the 
water test, and he thought therefore that it was not too severe a test for 
house drains. Under the house the drains should be specially secure, and 
owing to the difficulty of getting stoneware pipes and joints sound, it was 
now usual to have, for the sake of security, heavy iron pipes under the 
house similar in quality to those used for water mains. 

In the system of laying drains straight from point to point, it was 
usual to provide at those points where the drains deflect, or turn sideways, 
means of access. The larger means of access was a manhole, constructed 
generally of brick, and closed by a cover which might be readily 


This cover, although removable, is locked and firmly fastened e 
when closed. 


Fie. 1. 
ANGELL’s ManHOLE Cover. 


opened (figs. 1, 2,3). These manholes should be big enough when deep to 
allow a man to get into them to work, but if it was not necessary for the 
man to get in, they might be of any size sufficient to allow the channel to 
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be nicely laid in the bottom with the proper curve. The cover of a 
manhole was important because it must always be readily opened, and yet 
not so loose that it may let out foul air. In the old days manholes and 
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Fig. 2. 
Trews MANHOLE Cover. 
. covers, and everything of that sort, appeared to be an extravagant 


nuisance, but after a little experience of builders’ men coming and pulling 
up the whole of the ground and path to find the drains, it did not appear 


Fie. 3. 
Fbike CONDENSATION MaNnHOLE Cover. 
ry! i 


to be such an extravagant idea, especially in these days when wages were 
ce rising by leaps and bounds. A good many covers had been invented, 
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some simple, and some complicated, but the object of most of them was to 
get them air-tight. Some were made air-tight by the use of gaskin, 
grease, sand, or mercury. There was objection to most of these. Grease 
appeared to evaporate in time, gaskin got picked up or stuck to the lid, 
and was lost ; sand got washed out, and mercury was stolen because of its 
value. The cover that met the difficulty best was that which was origin- 


Fic. 4. 
Bucwan’s DiscoNNeEcTING TRAP, 


ally brought out by J. Jones, of Chelsea (fig. 3). It consisted of two 


“BEANCLIFF” DiscoNNECTING TRAP. 


covers, the inner one formed in the shape of a dome. This cover took 
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advantage of the moisture which was always suspended in the warm air of 
a sewer, and which, on meeting a colder surface, would condense. The 
moisture collected on the dome ran down the slope, and got into the 
channel all ronnd. The result was that there was a water seal, and 
although water might evaporate, it would always be replenished by 
moisture condensed from the warm air of the sewer. This, he thought, 
was undoubtedly the best security there was. It used to be expensive, 
but the patents had now run out, and the cover could be obtained 
cheaply. 

With regard to manholes provision had to be made for drains passing 
through them at the bottom cleanly without splashing. The bottoms 
should be made with channels variously curved to suit the direction of the 
meeting drains. It was not sufficient to make a bed with a rough bottom, 
because if that were done foul matter would collect and contravene 
one of the rules laid down for good sanitation. Minor means of access to 
drains took the form of 
small chambers with light 
covers, also specially con- 
structed stoneware ar- 
rangements such as the 
Tron and Armstrong junc- 
tions and chambers. Fre- 
quently also it was desir- 
able asameans for cleaning 
drains with rods, to provide 
a junction on the drain 
with the arm set vertically, 
surrounded with concrete 
and covered with a stone. 

Turning to the question of the prevention of the accumulation of foul 
gases, the point was how to ventilate drains. There were two ways of 
ventilating drains, one was by having ventilating openings on their course 
as was done in the case of sewers in towns, this might be described as “ Go 
as you please ventilation,” that did very well for sewers or drains that are 
in open places. It would also seem to be tolerated in the streets, and he 
was bound to say that apparently no great harm resulted, perhaps, how- 
ever, there was not as much known about this as was desirable. In the case 
of house drains, however, arrangements had to be provided for encouraging 
a current of air through the drains in a particular direction. This was done 
by providing low level inlets and high level outlets, but in connection with 
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this some trapping had to be done. First of all it should be said that all 
drains should be trapped off from cesspools or sewers by what is known as a 
“disconnecting” trap. Now this trap is not an ordinary trap placed on 
the line of drain, it is something more than that. It must have com- 
munication with the open air on the upper side. Water in a trap would 
absorb foul air on the one side, and give it off on the other, therefore, an 
ordinary trap on the line of a drain would be no real security against 
the passage of foul air from cesspools or sewers into the house drains. 
But by the admission of fresh air on the upper side of a trap, not only any 
foul gases which might pass through the trap were diluted and rendered 
comparatively harmless, but a low level inlet ventilator was provided. He 
was often struck when examining students as to the distinctive feature of a 
disconnecting trap, by their being unable to describe it. A disconnecting 
trap did not so much depend upon its form as upon its means for communi- 
cating with the open air. Many people thought that house drains should 
ventilate the sewers, but a little experience of the horrible smells resulting 
in the house drains would convince anyone that the sewers should be venti- 
lated by themselves, and that the house drains should have their own special 
arrangements. First of all the house drains should be shut off from the 
sewer by a disconnecting trap which should have fresh air in communication 
with it. It was usual to put a disconnecting trap in a manhole, but a 
different sort of disconnecting trap could be put in where manholes are 
not provided. The lecturer here fully illustrated the various differences 
between the disconnecting traps by diagrams, and pointed out that in all 
these traps there was a little drop between the lip of the trap and the 
surface of the water; the object of that was that water passing through a 
trap is checked in its velocity, and unless some assistance in the way of 
extra fall was given, the water would back up and cause the drain to be 
surcharged for some distance up its course. The position of low level inlets 
to drains was of great importance, because often the disconnecting trap 
with its fresh air inlet had to be placed in front of a house, and, in the 
case of very small properties, near windows or doorways. It was usual in 
these cases to carry the inlet a little further away and put it in the side. 
wall, or even to carry it a little higher than the wall above head level so. 
that it might not become offensive in the case of temporary back draughts. 
The lecturer then explained the various flap valves used in connection 
with the low level inlet ventilators. 

The outlet ventilator usually took the form of a ventilating pipe at the 
head of drains, the point farthest from the sewer. Generally for the sake 
of cheapness a soil pipe was made to do the double duty of a soil pipe and 
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ventilating pipe. If the soil pipe was at the head of a drain it might be all 
that was wanted, but if not another ventilator must be provided. A ventila- 
ting pipe should be one that would not rust. It might be of iron with strong 
joints, but if of iron it should be either galvanised or glass lined, which was 
one of the latest inventions, or at the least coated with Angus Smith’s com- 
position. If these precautions were not taken, the rust flakes would fall 
down inside and gradually stop up the bottem. His experience showed that 
90 per cent. of the iron piping put in as ventilators after a considerable time 
became absolutely useless. He constantly found pipes in connection with 
old buildings quite full with rust. An iron ventilating pipe should be 
similar as to its construction, although perhaps not quite so thick as a soil 
pipe, but its joints should be sufficiently wide in its socket to enable it to 
be either packed with composition of sulphur, salamoniac and iron filings, 
or clse run with molten lead and caulked. Ventilating pipes might also be 
made of lead, and many people preferred them. Personally he was beginning 
to prefer the iron; lead was so liable to “buckle” up. Besides it was heavy 
and required a great deal of fixing to the wall, and it was liable to become 
“kinked.” The position of the top of a ventilating pipe is important, but 
there was no absolute rule. Sanitation was not an exact science, and 
many of the things he had been explaining to them were empirical; but a 
good way to form an idea as to where a ventilating pipe should finish was 
to see the way smoke issued from the top. It should be at least ten feet 
above the eaves or windows, and fifteen feet away sideways. A pipe 
should be taken up as directly as possible, because angles in ventilating 
pipes reduced the velocity of the air cur- 
rent. Ventilating pipes could be seen 
made to curl and twist round eaves. He 
had seen one which had eleven angles 
in it; it was hardly necessary to say 
such pipes did not ventilate much. 

One minor equipment of house drain- 
age remained to be mentioned, namely, 
gulleys. A gulley should be one of two 
kinds, either self-cleansing or not self- 
cleansing. The self-cleansing one (figs. 7 
and 8) should be used for slop water, Fie. 7. 
or anything which may become polluted. Yarp Guiieys. 

The non-self-cleansing one (figs. 8a, 9, and 9), or cesspool kind, should 
be one which would catch grit and retain it from passing down drains. 
Gulleys for foul water should hold the smallest amount of water 
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consistent with the area of the outlet pipe, but should be big enough 
to allow anything which would come down sinks to pass away. In 
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“Accomo” Yard Gully, 
which is made in three 
or more pieces, each of 
which turns indepen- 
dently of the others, 
allowing the grating, side 
inlets, and outlet to be 
turned in any direction, dispensing withthe use of bends. 

The bell trap (fig. 10) was the old form of gulley, but this was now 
nearly extinct. It was most objectionable because it gave so little trappage 
and had a loose top, which on removal would open the trap. 

Then there were grease traps. For a long time he had set his face 
against these, and used to think it was better to provide some special 
means of cleansing a greasy drain coming from 
a scullery sink, but now he was converted to 
grease traps if of a right size and properly 
fitted up. A grease trap might be quite a 
cesspool in itself. It might be too big, it 
might retain a large amount of grease and 
keep it so long that it would fester and decom- 
pose and become a nuisance. A small grease 
trap was less objectionable, but these traps 
must be cleared regularly. One good method 
of getting rid of the grease was to provide a Fig. &a. 
flushing gulley with a flushing rim (fig.11)— | Sxey’s Srezer Gutty. 
a largish gulley—in connection with which was placed a small flushing tank. 
The grease went into the gulley, rose and congealed, but subsequently was 
got rid of by the flushing tank which was arranged to discharge about once 
aday. The discharge broke up the grease, washed it off, and it went down 
the drain. That was a convenient arrangement where a large quantity of 
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grease was unavoidable. Householders might remember that it was not a 
bad method of cleaning a gulley to empty down a pail of hot water and soda 
now and again; this § vs 

would generally keep it 
quiteclean. Somegulleys 
were made with buckets 
in them (fig. 9), but these 
were only suitable where 
drains had silt and gravel 
inthem. Itis inadvisable 
to use a bucket gulley in 
connection with anything 
foul, because it retains 
the foul matter instead of 
allowing it to pass down 
the drains. Gulleys for 
rain water pipes are very 
likely in summer to evap- 
orate, and, they should 
never be near air bricks j 
which ventilate the spaces Fig. 9.—Dean’s Stitt GuLty. 

under floors. It had been his experience to find foul smells attributable to 
the rain water gulleys and the passage ° 
of foul air through the air brick. 

The Lecturer then said that it was 
important to know how to examine the 
drainage of a house, and he would <#% 
briefly point out how this should be con- 
ducted. First of all, one should look 
at the surroundings to ascertain whether 
there was anything which might be 
objectionable; and observe of course 
whether the dust-bins and arrangements 
belonging to other houses close by were 
in order before forming an opinion as 
to whether the surroundings of a house 
were healthy. It should be noted 
whether the soil pipe was outside, as it 
ought to be. Crostas Roap GULLY. 

Then it should be ascertained whether it was ventilated, and, if so, 
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where the ventilating pipe finished. It would be necessary to see whether 
there were rain water pipes, and whether they 

ran into the ground or discharged into gulleys Seer Sens 
outside; the position of sinks and baths should 
be noted and whether the waste pipes dis- 
charged over gulleys. On the confines of the 
premises the signs of a disconnecting trap, 
or manhole must be looked for; that would 
suggest a ventilator to it, and if there was 
no manhole there might still be a trap which 
ought to have a ventilator. If none of these 
were found, suspicion would be aroused, and 
it would not be surprising to find several defects in the: arrange- 
ments inside of the house. Then proceeding inside, the basement 
would be examined as to whether there were traps in the floor, whether 
they were connected with the drains, or were discharged over other 
traps outside, as should be the case. Signs of damp in the walls 
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Fie. 11. 
Fiusnine Greasg Trap. 


should be looked for, and it should be ascertained if the sinks were 
trapped; also whether the apparatus of the water closets was of 
a good kind, and if the woodwork was easily removed so that the 
apparatus could: be examined; also whether the flushing water was 
laid on separately from that supplying the sinks and baths. It would 
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be necessary to know if the baths and lavatory basins had traps, 
and if the waste pipes 
were rightly laid. Also 
if there were anti- 
syphonage pipes, if one 
water closet was above 
another, whether the cis- 
terns were properly 
placed, so that they 
could be cleaned, and 
what the connections 
were with the various 
appliances. If the drains 
required to be tested Fig, 12. 

it could be done by a Warr's ASPHYXIATOR. 

smoke rocket, or by a machine, such as those shown in figs. 12, 13, 
and 14. With the smoke test it would have to be carefully noticed 


Fie. 13.—Jonzs’s SMOKE Macuine. 
whether smoke came out anywhere. During the test a point must 
be made of being inside the house to see whether there was any 
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Burn Bros.’ Macuines FOR APPLYING SMOKE TESTS TO DRaIn. 
escape or smell. If after the smoke test and all the examinations it was 
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necessary to be sure of the condition of the drains, then it would be 
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Fig. 15.—Jonas’s Expanpina Scrgw DRAIN AND PIPE SIOPPER. 


necessary to test them with water, first plugging the pipe with a stopper or 


Fig. 16.—Jones'’s Bac Drain anp Pipe Srorrer. 


expanding bag, as shown in figs. 15, 16, and 17. Probably before this 
point was reached, however, it would be possible to form a pretty good 
idea of what the drainage was like. 
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Fig. 17.—Burn Bros.’ Bac Drain Stopper. 
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EXPERIMENTS BEARING ON THE 
SIPHONING OF CLOSET TRAPS. 


First Series—Siphoning of Traps. 


HE Tables and diagrams on the following pages record the results 

of a series of experiments carried out under the supervision of a 

committee of the Institute, and appear to be of sufficient general interest 

in connection with the siphonage of traps and the placing of the anti- 

siphonage pipes, to be recorded in the Journal for the information of 
the members. 

The experiments on siphonage were carried out on the apparatus 
fitted in the Parkes Museum. This apparatus comprises a lead soil pipe 
84 inches diameter, and 30 feet 8 inches high, with two 34-inch closet 
branches, one 2 feet 10 inches and the other 12 feet 10 inches above the 
ground level. Each closet branch has a 2-inch anti-siphonage pipe, fixed 
at a point 9 inches from the crown of the trap. These two anti-siphonage 
pipes are connected and carried 9 feet 3 inches above the upper closet 
branch. The soil pipe and the anti-siphonage pipes are provided with 
valves for closing the pipes as nearly as practicable to the closet 
branches. 

The closet basins used in the experiments were short hoppers with 
circular outlets : 

Outlet of upper closet basin 3} in. in diameter. 
Outlet of lower closet basin 34 in. 3 

The traps used were Cast lead “ Anti-D.,” and drawn lead “ Dubois ” 

pattern. 
Trap on the upper basin, Anti-D., 34 in. diameter, seal 2 in, 
water contained, 40 ozs. 
Dubois 3} in. diameter, seal 2 in., water contained, 60 vzs. 
Trap on the lower basin, Anti-D., 34 in. diameter, seal 1% in., 
water contained, 40 ozs. 
Dubois, 3} in. diameter, seal 1] in., water contained, 60 ozs. 

In each case the water was poured from a pail into the basin under the 

various conditions stated in the following table (page 90). 


Siphoning of Closet Traps. 


In every experiment there was 
a trap, and a basin of the same 


kind on each closet. 


The table records in each case. 


the maximum effect observed in six 


experiments, and also the mean 


result of the six observations. 


It will be seen that in some 
cases recorded the seal of the trap 
was destroyed, and these are marked 


by heavier type. 


Additional experiments were 
carried out with a Dubois trap on 
the upper basin, 3} in. diameter, 
seal 22 ins., water contained 64 oz.; 
and a Dubois trap on lower basin 
33 in. diameter, seal 2§ ins., water 


contained 60 oz. 


In these experiments when the 
anti-siphonage pipe was closed a 
greater effect was produced in 
lowering the water in the trap, 
but in only two cases was the seal 


destroyed. 
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DIAGRAM SHOWING THE Maximum LOWERING OF THE WATER IN CLOSET TRAPS 
UNDER CERTAIN CONDITIONS. 


A.-S. OPEN. A.-S, CLOSED. A.-S, OPEN. A.-S. CLosED. 
S.-P. OPEN. S.-P. OPEN. S.-P. CLOSED. 8.-P. CLoskp. 


The light shade shows the normal level of the water in the Trap, and the black 
the water level after the experiment. 
The order of the arrangement is the same as in the Table on p. 90, where more 
details are given. 
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DriaGRaM showing the Mean result of the lowering of the water in the 
Closet Traps. 
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Amount of 
Flush, Gallons. 
A.-8. OPEK. 
S.-P. OPEN. 
A.-8, CLossp. 
S.-P. Opgn. 
A.-8. OPER. 
S.-P. CLosEp. 


Second Series—Position of Anti-Siphonage Pipe. 


The By-Laws of the London County Council require that the anti- 
siphonage pipe should be placed not less than 3 and not more than 12 
inches from the highest part of the trap, and on that side of the water seal 
which is nearest to the soil pipe, and some further experiments were 


4-inch Trap, 13-i 
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conducted with a view to ascertaining the momentum and direction of 
movement of the water in the trap itself. 

The apparatus used in these experiments was a two-gallon siphon 
flushing cistern, taking four seconds to discharge, with a 1}-inch lead 
flush pipe. The height of the bottom of the cistern from the top of the 
closet basin was 4 feet 9 inches. The basin was an ordinary short hopper 
with a circular outlet 34 inches in diameter, the several lead traps being 
fitted to it as afterwards described. The outlet of the trap was open in 
each case, and not directly connected with a soil pipe or drain. 

The illustrations are all drawn to a scale of one-eighth, but they are 
in some cases diagrammatic and do not exactly represent the arrangement 
of the glass tubes, as these had in some positions to be bent to be out 
of the way of the closet basin. Care was always taken that the full area 
of the tubes, 4 inch, was presented at the surface of the trap. 

The diagrams facing p. 92 show the observed vertical height to which 
water rose in glass tubes fitted to the trap in various positions. Only one 
tube was fitted at a time, the other openings being carefully closed. The 
height marked is the maximum of six observations on the one tube. The 
records collected in each figure in the diagram show therefore the results 
of about 100 observations. 

Figure 1 records observations made on a 4-inch P trap with 2}-inch 
seal, containing 82 oz. water, and shows on the shaded portion of the 
columns, the height to which the water rose when two gallons of water 
were thrown into the basin from a pail. The black portion of the column 
shows the height to which the water rose in the tubes when the basin 
was flushed from an ordinary two-gallon flushing cistern. 

Figure 2 records similar experiments conducted in the same way: 
a 4-inch S trap with a 2-inch seal, containing 80 oz. water, being 
substituted for the P trap. 

Figure 3 records similar experiments with a 34-inch P trap with a 
24-inch seal, containing 62 oz. water. 

Figure 4 similar experiments with a 33-inch S trap with a 2-inch 
seal, containing 61 oz. water. 

The traps were those ordinarily supplied, and were carefully selected 
so as to get as nearly as practicable the same seal. The P traps had 
outgoes about 17 inches long. 

Additional experiments were tried with traps having 1-in., 14-in., and 
3-inch seals; these experiments are recorded in figures 5 to 8 for the 
purposes of comparison. 

The experiments recorded in diagram III. were conducted with the 
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same flushing arrangements and the same 4-inch traps, but in this series 
the traps had a slit 14 inches wide cut along the top of the trap, and figure 
9 shows by the light line outside the trap, the splashing of the water when 
two gallons were thrown into the basin from a pail, and by the dark line, 
the approximate water line when two gallons were discharged from the 
flushing cistern, about three experiments being made for each record. 
Figure 10 gives a record of similar observations on an S trap. 

In a further series of experiments a number of holes ,% inch in 
diameter, cut along the top of the trap, only one hole being open 
at a time, and figure 11 records the mean of three observations at 
each hole, on the direction in which the water splashes out of a P trap. 
It will be noticed in these experiments the water splashes out of the hole 
at the crown of the trap vertically, and 4} inches from the crown of the 
trap the direction of the splash was parallel to the line of the discharge. 
Figure 12 shows similar experiments on an S trap, but in this case it 
will be seen that the point at which the splash line would come 
parallel with the line of the trap is much further from the crown. 

Observations were made on the S trap at other holes more distant 
from the crown of the trap, but the results were too variable to be use- 
fully recorded. 

In the fifth series of experiments holes were made along the side 
of the trap 7% inch in diameter, and figure 13 shows the height to 
which the water rose in glass tubes placed at these openings, when two 
gallons of water was thrown into the basin from a pail. About three 
trials were made at each hole, the other holes being closed. 

Figure 14 shows on plan the direction in which the water splashes 
out of holes in the side of the trap, only one hole being in use at 
a time as in the other experiments. 

The experiments are affected by so many conditions that are variable 
in practice that they are not conclusive, but as far as they go, they show 
the results under the conditions set out. ; 


OBITUARY. 


MAX JOSEF VON PETTENKOFER, M.D.,, 
Professor of Hygiene in the University of Munich. 
(Honorary FELLOW.) 


The death of Professor Von Pettenkofer has removed a hygienist of 
world-wide celebrity, a man of great originality of thought, and also of a 
highly practical turn of mind. It is not too much to say that he was the 
father of hygiene in Germany. He was not merely a teacher to whom 
pupils flocked from all parts of the world, but he was a man of action 
practically interesting himself in the introduction of sanitary reforms. 

Though not a voluminous author, as he was much too busy for that, 
he wrote a great many valuable papers on public health subjects, and 
several important books, among which we may more particularly mention 
the one entitled “ Boden und Grundwasser in ihren Beziehungen zu Cholera 
und Typhus.” In this work he propounded his theory of the connection 
between the spread of cholera and enteric fever and the movements of the 
subsoil water, a theory which he defended with great energy for many 
years, and which at any rate induced him to insist on that purification of 
the subsoil of Munich which has resulted in so remarkable a diminution in 
the death-rate from enteric fever in that city. 

He wrote many papers on cholera, and also on sewerage arrangements, 
and on the hygiene of ships. He was also much interested in laboratory 
work connected with hygiene, and devised the process for the estimation 
of carbonic acid in the air, which is everywhere known by his name. 

A fluent and vigorous speaker, he would defend his views with a power 
-and earnestness which always commanded attention and respect. 

Personally he was an amiable and kindly man, fond of his friends and 
delighted to see them. After his retirement to Seeshaupt, a beautiful 
spot at the head of the Starnberger See, near Munich, he would go by 
rail to meet friends (as he did the writer), joining the steamboat at one of 
its stopping places about halfway along the lake, whence he would accom- 
pany them to his home, and sometimes himself take them for a row on the 
lake, a form of exercise of which he was very fond. 

His end was very sad, for, wearied by an incurable disease added to 
the infirmities of old age (he was in his eighty-third year), and saddened 
by the thoughts of his enforced comparative inactivity, he shot himself in 
a fit of mental depression. W. Hz C. 
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JOSEF VON FODOR, M.D., Hon. LL.D. (Canras.), 
Professor of Hygiene in the University of Budapest. 


(Honorary FELLow.) 


By the premature death of Professor von Fodor in his fifty-eighth year, 
the world has sustained a great loss. The great teacher of hygiene in the 
east of Europe, he was also a great investigator, working chiefly at the 
connection of the various conditions of subsoil water and ground air with 
health, but also at disinfectants, the effects of carbonic oxide, etc. 

Through his efforts the teaching of hygiene is now part of the general 
university education in Hungary. 

His most important work was one entitled, [Tygienischen Untersuchungen 
tiber Luft, Boden und Wasser, which was most happily alluded to by the 
Public Orator at Cambridge, in presenting him to the Vice-Chancellor 
for the Honorary Degree of LL.D., on the occasion of the London 
Meeting of the International Congress of Hygiene and Demography in 
1891, the one of all his honours which von Fodor valued most highly, as 
follows :—“ Quis nescit urbem florentissimam quod Hungaria caput est 
nomine bilingui nuncupatam fluminis Danubii in utraque ripa esse positam? 
Quis non inde nobis feliciter advectum esse jaudet salutis publica pro- 
fessorem insignem, virum titulis plurimis cumulatum, qui etiam de 
Angliz salubritate opus egregium conscripsit? Idem velut alter Hippo- 
crates, de aére, aquis et locis praeclare disseruit. Olim Hippocrates ipse 
corona aurea Atheniensium in theatro donatus est, nos Hippocratis emu- 
lum illustrem laurea nostra qualicumque in hoc templo honoris libenter 
ornamus, 

Duco ad vos bacteriologie cultorem acerrimum, Iosephum de Fodor. 

Professor Fodor was, like all cultivated Hungarians, a good linguist ; 
he was a man, not only of agreeable manners, but of sterling qualities, and 
his death, caused by sequela of influenza, supervening on arterial sclerosis 
from which he had suffered for some time, has been a very severe blow to 
his many friends. 


W.HLC. 


Kenny & Co. PRINTERS, 25, CAMDEN ROAD, LONDON, N.W. 
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DISCUSSION on such a subject as the natural purification of sewage, 
when promoted by the Sanitary Institute, is of special value, for 
the reason that it brings together a meeting which may be held to be 
fairly representative of the many arms of sanitary science. The biologist, 
the chemist, the engineer, the medical officer of health, etc., are here to 
compare notes, and to record their individual experiences and views; and 
the desirability of generally adopting the biological method of sewage puri- 
fication must depend not upon the favourable verdict of one of these, but of 
all, In opening a discussion on a complex subject, our knowledge of which 
must still be regarded as very imperfect, it will be best perhaps to make 
an attempt to summarise the facts which, in our opinion, the work of 
the past few years appears to have established. 


SEWAGE PURIFICATION. . 

In the first place we shall probably all agree (a) that the biological 
purification of sewage is not only the most rational, but also the most 
effective method of sewage disposal; and although exaggerated notions 
as to the economy of the method are very prevalent it is doubtless cheaper 
than any artificial means of purification that may be adopted; (d) that biolo- 
gical purification disposes in a large measure of the sludge difficulty; (c) that. 
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“double contact beds” (in which the sewage is locked up in the bed) give 
excellent results with partially sedimented sewage or septic effluent; (d) 
that such contact beds may be worked with satisfactory results when their 
depth amounts to twelve feet; (e) that contact beds three feet deep can 
be worked at the rate of 500,000 gallons per acre in eight hour cycles 
(one hour to fill, a rest of two hours full, one hour to empty, and four 
hours rest) per diem, as recommended by the Local Government Board; (/) 
that intermittent filtration of sedimented sewage through beds, the outlet 
pipes of which are constantly open, has given excellent results; (g) that 
the material for construction of bacterial beds is not of prime impor- 
tance, so long as the particles do not disintegrate and are not too large 
or too fine, and that the best size for the particles probably ranges from 
about half-an-inch to two inches; (h) that it is very difficult indeed to 
maintain the capacity of the bed, but the more complete the sedimentation 
of the sewage, the less is the holding capacity of the bed affected ; 
(i) that different sewages resist the natural agencies of purification very 
differently, and therefore it is not safe to dogmatise that because one 
installation gives satisfactory results with a certain sewage, it will 
furnish equally satisfactory results with a similar bulk of another sewage ; 
(j) that bacterial beds increase in efficiency with use, and some time 
must elapse before they exert their maximum amount of purification; 
(k) that there is no material difference, from the point of view of sub- 
sequent purification, in the effluents from a closed (septic) tank, and a 
scum tank, 

It may be disputed as to whether aérobic or anaérobic conditions are 
the more favourable for the liquefaction of the organic matter in suspension, 
and for reducing the stability of the more stable organic matter, but it may 
be taken for granted that circumstances favouring high oxygenation promote 
the ultimate changes of purification and the production of an effluent with 
good physical characters—incapable of putrefaction and of developing 
odour. This condition of things is sought to be promoted in all installa- 
tions. One sees it in the system of emptying and filling fine bacterial 
beds in Dibdin’s method, the aérating channels and beds of the “ septic 
tank ” method, the nitrifying channels and trays of Scott-Moncrieff, the 
Ducat filter, Stoddart’s filter, Lowcock’s filter, Adeney & Parry’s sugges- 
tions for the addition of small quantities of an oxidising agent in the 
effluent, and in the use of sprinklers. Continuous contact beds do not 
meet this essential so well as some of the other alternatives in practice, and 
our observations go to show that the best results are to be obtained by an 
intermittent application of the previously sedimented sewage upon a bed, 
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the outlet pipe of which is constantly open. The difficulty of evenly 
applying the sewage, freed from suspended matter, has now been mastered 
in a way which meets a very desirable object, namely, aération of the 
effluent before it enters the bed. The distributor patented by Mr. 
Stoddart, which is almost identical in principle with a distributor fitted on 
to an experimental model used at University College by us some three 
years ago, rains the effluent very evenly over the surface of the bed, with 
the result that it becomes charged with a considerable amount of air; and 
similar results are obtained by various sprinklers, one of the first and most 
satisfactory of which is the Candy-Caink. Either by means of siphonage, 
an ejector, or by other automatic gear, the beds can also be dosed inter- 
mittently, at intervals of a minute or two. There is a positive advantage 
in thus allowing the effluent—in thin films—to be constantly, in contact 
with air, and this cannot be secured in so-called “ contact filters.” We 
are inclined to attach so much importance to the continuous aération of 
the effluent, that in our opinion every effluent drain should discharge 
into a shallow open conduit where possible. 

This question of distributing the sewage evenly over a bed is of great 
importance, even after the sewage has been robbed of the bulk of its 
suspended matter, and where continuous contact is permitted; for all 
sewages applied to a bed will contain more or less suspended matter, and 
unless they are evenly applied this suspended matter is unequally dis- 
tributed over the bed, and certain parts of it become over-taxed even 
before other parts have really settled down to work. The method of 
applying the crude sewage by a single carrier to a coarse continuous. 
contact bed must have the effect of overtaxing the bed on either side of 
the trough, for the material there will go on collecting more than its. 
share of suspended matter until the bed is full; such a filter therefore. 
is not given the best chance of carrying on its work. 

‘ While it is an open question how far the disintegration, lique-. 
faction, and decomposition of sludge is hastened by maintaining it 
under strictly anaérobic, as against aérobic, conditions, it does not appear- 
that there is any gain by keeping liquid sewage free from contact with 
the air. And our observations show that sewage hastens to its ultimate. 
goal of inoffensiveness by the oxidation of its polluting matter, undeterred, 
and indeed favoured, by the fact that from the outfall it is freely exposed 
to the air. 

Sewage exhibits a remarkable tendency to aérobic purification, and 
this is so whether aérobic conditions are favoured or merely permitted. 
In fact we have by experiments observed instances in which nitrification 
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proceeds at the same rate in the same sewages and effluents under such 
dissimilar conditions as free exposure in shallow open vessels to the air, 
and so enclosed in stoppered bottles that there are only a few c.c. of 
stagnant air above the surface of the liquid. 

We were not surprised, therefore, when some of the conditions, under 
which these changes were found to occur, were reproduced on a large 
scale, to find that the same changes were to be observed. 

Two Urban District Councils, in accordance with our advice, set aside 
one of their precipitating tanks for conversion into a scum tank, and 
during the past three months we have made observations on the changes 
undergone by the sewage in its passage through the tank before any 
scum formed over the surface. 

The raw unscreened sewage passed slowly through the tank so as to 
deposit the bulk of its suspended matter, the rate of flow being such 
that it was calculated that the liquid contents of the tank were changed 
about once in 50 hours. At this rate of flow the degree of purification 
attained was very considerable. 

Taking the mean of a series of analyses of the Willesden sewage, the 
composition of which is fairly uniform, we found its average composition 
to be:—F ree ammonia 9 parts per 100,000, albuminoid ammonia 1:4, oxygen 
absorbed in two hours 7:9, nitrates nil. The mean of many analyses 
performed subsequent to six weeks’ work under the above-mentioned con- 
ditions, furnished the following figures for the tank effluent :—Free 
ammonia 2°9, albuminoid ammonia °46, oxygen absorbed in two hours 3:2, 
‘nitrogen as nitrate 1. Frequently the effluent was inoffensive, and at the 
‘most but a slight fecal odour was appreciable. These changes, it should 
*be noted, occurred while the sewage was passing over between two and three 


‘feet of sludge which had been deposited in the tank, and none of which— 


doubtless owing to the low temperature that prevailed during the early 


-stages of these experiments—got itself buoyed to the surface as scum. 


The effluents furnished by similar sewages from a scum tank and a 


closed septic tank are very similar to each other. The scum provides 


.a cheap roof which preserves the heat in the sewage and thereby promotes 
‘bacteriolysis. One may broadly summarise the advantages of tanks as 
follows: —They promote uniformity of effluent; they permit of the diges- 
tion of from 30 to 40 per cent. of the solids, while the suspended solids 
in the effluent we have found amount to only from 10 to 30 parts per 
100,000; the stability of most of the organic solids is rapidly reduced by 
a short sojourn in a tank, and subsequent purification thereby much 
facilitated. 
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The sedimentation and liquefaction tank, either open or closed, will, it 
appears almost for certain, figure largely in the future, owing to the 
simplicity of adapting such a method to the existing plant; and the less 
expensive open tank will generally be preferred to the closed tank. 

The method of applying unsedimented sewage to coarse bacterial beds 
of the Sutton system is capable of producing a good effluent, but for 
large communities it must be more expensive. In biological installations 
it is the bacterial beds that constitute the chief expense, and a much 
larger cubical area of bed is necessary where the unsedimented sewage can 
be applied only at the rate of 100 gallons per square yard per diem than 
when, after sedimentation in a tank, as much as 500 gallons per square 
yard can be dealt with. Moreover, there is a gain in point of time in 
purifying sewage which is no longer in association with practically the 
whole of its suspended solids. 

Even when the flow of sewage through a deposition tank is so rapid 
that a volume of sewage equalling the capacity of the tank passes through 
in twenty-four hours, the deposition is so considerable that it is easy to 
effect a reduction in the suspended matter of the sewage to some twenty 
to thirty parts per 100,000, on an average sewage, and the matter which 
still remains suspended appears to have little tendency to overtax a fine 
bacterial bed. We have experimented on this particular matter for 
several months at the Willesden and the Fiuchley Sewage Disposal Works, 
and we can state that our results are in accord with the above expressed 
views ; we find that the sludge tends to maintain a fairly uniform bulk, 
and it certainly does not accumulate sufficiently to require removal for 
many months. If more time is given for sedimentation and the sewage is 
given a longer rest in the tank (of from 36 to 48 hours) then, as is well 
known, the sludge will maintain a remarkably low and uniform level for 
long periods of time, as shown at Exeter and elsewhere. 

One of the best scum tanks we have seen is at the Actun Works; 
there the rate of flow is such that some 200,000 gallons of sewage passed 
through the tank of 145,000 gallons capacity in every 24 hours. The 
tank has been working for over a year, and the sludge is said not to 
average more than a few inches over the bottom of the tank, and a thick 
spongy scum some eight to ten inches deep has been maintained upon the 
surface. We have found the sludge to contain about, 78 per cent. of non- 
volatile matter, while the scum contained about 39 per cent. _ 

But what is another important thing to note as bearing most directly 
upon the practicability of a more rapid sedimentation in practice, is the 
circumstance that when it is necessary to remove the deposited sludge 
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this may often be done with but little offence, and when it is applied to land 
it soon becomes resolved, and no nuisance is appreciated in the immediate 
neighbourhood. At Finchley such sludge has been spread over small areas 
of land without giving rise to any offence even in the immediate neigh- 
bourhood, and Dr. Eustace Hill and Dr. Robertson have both recently 
testified to a similar experience. 

Rapid sedimentation, therefore, appears to be eminently practicable, 
and this, followed by the application of the effluent to primary and 
secondary bacterial beds treated by intermittent contact, with outlet pipes 
constantly open, and fed by sprinklers or Stoddart’s distributor, appears to 
afford the best means at present known of dealing efficiently with sewage 
in the shortest time and on the smallest area. Generally speaking, land is 
becoming tvo valuable to be put to purposes of sewage purification, hence 
the modern endeavour to reproduce all the most favourable conditions of 
land and to concentrate them in a small area known as a bacterial bed; 
but where land, suitable in nature and quantity, can be procured equally 
good results are obtainable. 

Five hundred gallons per square yard, per twenty-four hours, can 
generally be purified by such beds; very high figures of oxidised 
nitrogen are obtained, frequently reading from four to six parts per 
100,000; and we have found dissolved oxygen amounting to about 
seven mgms. per litre. A large proportion of the total nitrogen of the 
sewage is thus oxidised to nitrate and the free ammonia may be almost 
nil. We have analysed samples of effluent from beds fed by sprinklers 
in which Nessler’s re-agent added to the original effluent has scarcely 
given a re-action, and in which the albuminoid ammonia is represented 
by a small figure in the second place of decimals, and we are satisfied 
that many sewages of average composition can, after preliminary sedi- 
mentation, be purified at the rate of 500 gallons per square yard in 
twenty-four hours, when in constant work night and day, so as to produce 
entirely satisfactory results. 

We have dealt elsewhere with the importance of secondary beds for 
the more rapid completion of a purifying process, the initial stages of 
which may not be disclosed in the ordinary form of an analysis; and we 
have satisfied ourselves by many experiments that by the use of secondary 
beds a much greater degree of purification can be obtained in a shorter 
time than by means of primary beds alone. Hence we attach a high 
importance to such provision. 

One of the greatest difficulties which the natural agencies of the 
purification of sewage have to encounter is the disposal of the fat which 
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tends to accumulate on the material comprising the beds. The amount 
of fatty material in sewage very materially affects the rapidity and ease 
with which it can be purified naturally, and we have found it possible 
to recover large quantities of fat from the particles of a bacterial bed 
which has been rested for several weeks. While, then, the discharge of most 
trade effluents into the general volume of sewage is not attended with any 
drawbacks, no trade discharges should be allowed which prejudicially affect 
the treatment of the bulk of sewage. These should, so far as possible, be 
collected and dealt with separately. 


STANDARDS OF PURIFICATION. 


A study of the reports on the results of the bacterial purification of 
sewage reveals a great want of svstem in the collection of samples, the 
methods employed for analysis and the construction of standards. It 
must always be remembered when speaking of the work of a biological in- 
stallation, that it is not entirely manifest in the terms of a chemical 
analysis; and those of us, who have had experience of the varying char- 
acters of sewage, and even of effluents, will attach a qualified importance 
to a chemical report expressed in terms of a percentage purification of 
sewage calculated from the albuminoid ammonia or oxygen absorbed 
figures. 

We have, for instance, observed in a large number of our experiments, 
variations in the albuminoid ammonia figure of the same effluent of at 
least 25°/, in twenty-four hours. These great variations are to be got 
most generally in the first two or three days after collection. Consider 
how this matter may affect the calculation of the percentage purification 
according as to when, in point of time, the analyses are performed. We find 
that there is generally a positive advantage in favour of the effluent if it is 
not analysed until the third day after collection, so far as the estimation 
of albuminoid ammonia is concerned. This circumstance will explain in 
some measure the fact that, when samples of the same effluent are sent to 
different analysts, strictly concordant results are rarely obtained. If A 
analyses an effluent very shortly after its collection and he finds -4 of 
albuminoid ammonia, B analysing twenty-four hours subsequently, may 
find -3 or sometimes °5, or even a greater difference. Suppose both 
calculate from a sewage with 1:5 of albuminoid ammonia, A will cal- 
culate 73°/, of purification and B only 66°/,. Surely the standard of a 
satisfactory effluent cannot or ought not to be one in which ingredients are 
below some necessarily more or less arbitrary chemical standard—espe- 
cially when the standard to be maintained deals with an indefinite and 
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ever varving quantity, such as the albuminoid ammonia and oxygen 
absorbed figures. 

. The reduction of so much per cent. in albuminoid ammonia, or of the 
putrescible matter, as indicated by the oxygen absorbed from per- 
manganate in two or four hours, is assumed to represent a definite reduc- 
tion of the total organic matter of the sewage. This is wrong because 
neither estimate is an inclusive one. It has been enunciated, for instance, 
that a satisfactory effluent should contain no more than one-tenth of a 
grain, per gallon, of albuminoid ammonia, nor absorb from permanganate 
in four hours, at 80°F., more than one grain of oxygen to the gallon. 
The observations and experiments in which we have recently been engaged 
demonstrate the futility of adopting any such arbitrary standards, as, in 
any sense, the measure of the pollution present in an effluent; and still 
more of the fallacy of assuming that a reduction in the amount of 
albuminoid ammonia, or of oxidisable organic matter, represents a corres- 
ponding reduction of the total organic pollution. It may be stated at 
once that the most remarkable feature exhibited by our analyses was the 
instability and changeability of an effluent, which would ordinarily be 
regarded as finished. It is the exception if on two consecutive days the 
results of analysis are constant, and the range is too great to be accounted 
for by error of experiment in analyses conducted with the greatest care. 
The futility of taking the albuminoid ammonia figure as the standard is 
clearly exhibited in the rapid and ample changes observed. Almost 
equally surprising is the great range to be observed in the quantity of 
nitrates present. We have noted in our experiments a leap from 2°6 to 
5-8 in 24 hours, which is a variation so great as to make one doubt almost 
that the same effluent is being dealt with. 

The following Table will serve to show the daily fluctuations in the 
figures of the Free and Organic Ammonias, and of the Nitrogen as 
Nitrates, in a sample of the Willesden general effluent, which was collected 
on November 20th, 1899 :— 


NOVEMBER, 1899. DB&CEMBER, 1899. 5 
Date of os 
Analysis. & 
21st. zona. | 2rd | 24h aset,| aon | ach | ae | soe, ond | 4th. | 5th. | ou 5 
Free Ammo- 
nia......... 2:0 | 23 | 19 | 2:3 | 2:1 | 2:3 | 2°5 | 2:7 | 19) 26 | 22 | 20] 20) 1:8 po 
Organic Am- 
monia ...| 0°42 0°53} 0°45, 0°34 0:29] 0°35] 0°40) 0°31) 0:27] 0°24] 0°32] 0°20) 0°30} 0-3(40°09 
Nitrogen as 


35 | 34 | 40 | 3:8 | 26 | 58] 41 | 28 | 30 | 28 | 30 B3 


Nitrates ..| 4°6 | 30 | 3°4 
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The following are the results obtained on six consecutive days from a 
sample of the Finchley general effluent, collected on November 29th, 
1899 :— 


DECEMBER, 1899. Nevers, 
Date of Analysis. 


: 


Free Ammonia ........... l-4 21 15 
Organic Ammonia ...... 034 | 023, 020 018 | 023 | 020 | 003 
Nitrogen as Nitrates ...| 21 23 | 25 | 30 | 25 | 24 25 


| 19 | 18 | «19 0-0 
| 
1 

Ral 


4 


These two instances are selected as fairly typical of some dozens of 
others the facts of which we have in our possession. 

It is clear then that what may be regarded as finished effluents may 
undergo daily changes so great that analyses made, even on consecutive 
days, give results so varying as to constitute the sample, as judged by 
present methods of analysis, a totally different liquid. We decided, 
therefore, to extend our observations for a longer period, and to deal with 
effluents of wholly different characters. Samples which came to the 
laboratory for analysis were utilised, and subsequent analyses were made 
from time to time as was thought desirable. These observations on the 
changes undergone by identical effluents through days, weeks, or months, 
subsequent to their arrival at the laboratory, show striking results, not a 
little unexpected, and in many respects puzzling. We have observed 
that generally during the.first seven to fourteen days the tendency of the 
free ammonia is to increase when kept in a stoppered bottle and exposed 
to the light and temperature of the laboratory. This initial increase is 
not constant, and it is almost invariably associated with an intermittent 
rise and fall in the interval. After the fortnight a decline sets in, which 
though not steady, proceeds until the whole of the free ammonia has. 
disappeared. In every case where an effluent was found ultimately to 
have lost its free ammonia, nitrates were found to be present in consider- 
able amount, whether they existed originally in the effluent or not. 
Effuents kept from six to twelve months were generally found almost or 
quite ammonia free. 

It is somewhat more difficult to speak of the behaviour of the albu- 
minoid ammonia. Certain series of analyses demonstrate a tolerably 
steady decline for a fortnight or three weeks, to be followed later by a 
temporary rise; but others are to be found in which from the first a pre- 
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liminary increase in the albuminoid ammonia is to be observed, and samples 
which have kept sweet for twelve months, and long been free from saline 
or free ammonia, showed albuminoid ammonia in excess of *2 part per 
100,000. The table already given will serve to show the almost explosive 
rapidity with which albuminoid ammonia will increase or decline in an 
effluent. It is interesting, moreover, to note that the albuminoid ammonia 
in offensive effluents was, in some instances, initially materially below that 
of several of the inoffensive effluents, and it may be stated of these latter 
effluents that at no time were they offensive. 

The analyses clearly establish that sewage effluents may exhibit, while 
recent, low albuminoid ammonia, and after prolonged changes—which must 
be regarded as of a purifying character—display a higher albuminoid 
ammonia figure. On the other hand, recent effluents with a high albu- 
minoid ammonia figure may remain perfectly free from offence, and 
exhibit a rapid decline in their albuminoid ammonia. And again, offensive 
effluents may start with a comparatively low figure of albuminoid ammonia 
and slight nitrates, and concurrently with an increase of albuminoid 
ammonia and disappearance of nitrate become inodorous. 

These results may be puzzling, but they are facts not to be lost sight 
of when judging an effluent on the results of a chemical analysis. 

It was to have been expected that when we came to the final mineral- 
ised products of sewage purification something like stability would have 
been met with. But our figures show that not even the evidence of the 
nitrogen which has been oxidised is preserved. Again, a reference to the 
table will demonstrate the extreme rapidity with which an increase or 
decline of this figure may take place. With amazing rapidity nitrates 
will increase in an effluent and with equally astonishing quickness decline. 
An analysis of a recent sample may exhibit low nitrates which, had it 
been deferred for 24 hours, would have shown the same eftluent rich in 
this desirable product, and an efluent may be caught in which three- 
_ fourths of its total nitrogen is mineralised, which in 48 hours will have 
lost more than half of its oxidised nitrogen, and have added considerably 
to its unoxid*-ed constituents (as disclosed in an ordinary analysis) without 
offence. 

Nor can any rule be discovered in the facts before us; for if in many 
cases it is observed that there is first a decline to be followed by a rise 
in the nitrates present, the converse holds true in no exceptional degree. 

It was something of a surprise to us, however, to find that the albu- 
minoid ammonia in an effluent was capable of material increase as the 
processes of purification proceeded, since further pollution of the effluents 
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with which we were dealing was out of the question. It has never been 
claimed for Wanklyn’s process that it was an inclusive estimate of the 
whole of the organic nitrogen present in a polluted water, but it has 
generally been supposed that it constituted a fairly serviceable ratio to 
the total. But our analyses demonstrated that as a gauge of the organic 
nitrogen present in a sewage or sewage effluent, the albuminoid ammonia 
process of Wanklyn may prove very unreliable. Standards of pollution 
based upon this figure may be fallacious for two reasons, for not only will 
they vary with the time at which the analysis is made, but they will often 
fail to furnish even an approximate indication of the total organic nitrogen 
present. The fact that the albuminoid ammonia may increase even where 
the amount originally present was low, and that it may be many times 
lower in a sewage which has undergone no purification than in a clear, 
bright, and inodorous effluent, shows the absurdity of fixing on any 
standard of this figure as a definite measure of purification. The fact is 
that albuminoid ammonia, like oxidisable organic matter, is only a partial 
estimate of the total organic matter present, and represents only the less 
stable portion—that, in fact, which is incapable of resisting the attack 
of the alkaline permanganate. Owing doubtless to the changes induced 
by the action of micro-organisms, resistant organic matter is continually 
being reduced to that state in which it is incapable of resisting the attack 
of the alkaline permanganate, and so it appears as albuminoid ammonia. 
Albuminoid ammonia then has largely the significance of oxidisable organic 
matter. It expresses, with regard to the nitrogenous organic matter, a 
phase in its transition which is comparable to the condition of the organic 
matter estimated in Tidy’s process. It appears that a sewage eftluent is 
capable of continuously absorbing oxygen from the permanganate at a 
temperature of 80 degrees, not only for hours, but for days, and we have 
found it impossible to fix upon a period of time when it might be held 
that the oxygen absorbed formed a fairly approximate proportion to the 
entire amount of oxidisable organic matter in the liquid. What is needed 
undoubtedly is an inclusive estimation of the organic matter still in 
solution in an effluent, and until we get that it is impossible to lay down 
a hard and fast chemical standard applicable to all cases. High nitrates 
have always been considered desirable in an effluent, but our observations 
show that nitrates may be high at one time and at a later period become 
enormously reduced. It is evident, therefore, that no particular figure 
can be fixed upon as a standard of oxidised nitrogen. 

The presence of nitrates in an effluent must not be regarded as a 
sure index of purification, although if they are found to persist in an 
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inoffensive effluent for a few days after its collection the effluent is not 
likely to become offensive. An offensive effluent, if odourous after many 
months, will invariably be found to contain no oxidised nitrogen, and to 
show no material reduction in free ammonia. If, however, it is inodorous 
after several months, oxidised nitrogen will usually be found to be present 
and there will be little, if any, freeammonia. We are of opinion, therefore, 
that one of the best tests for a satisfactory effluent is to see if nitrates are 
present after incubation at 80 deg. F. for 48 hours, and if they are it will 
remain inoffensive no matter whether the original albuminoid ammonia 
was °05 or ‘5 part per 100,000. We must again insist, however, that the 
presence of nitrates is not a sine gua non for a satisfactory effluent, and 
that thoroughly bad effluents may be found at times to contain marked 
amounts of nitrates. . 

Any purely chemical standard, which is based upon our present 
methods of analysis, cannot in practice be an arbitrary one. Standards 
must have regard to the nature of the sewage, and to the conditions, 
volume, and uses of the stream which is ultimately to receive it. But 
certainly all effluents should conform to the following requirements: 
they should contain but very little suspended organic matter (certainly 
not more than five parts per 100,000); they should possess no odour of 
sulphuretted hydrogen; and there should be no physical evidence of 
putrefaction when they are incubated for a week in a closed vessel at 
80 degs. F. 

The bogey has been raised of the danger of the effluents from bacterial 
beds gaining access to rivers, because these effluents may contain specific 
organisms. We are not disposed to attach much importance to the issue 
raised. It is very rare that a stream which receives the effluent from a 
sewage disposal area is used for drinking purposes, and it ought never to 
be so used. 

If the risks to be faced were very great, surely we should have 
had greater indications of it in the past, for hitherto some of the 
sewage on many sewage farms has been purified by the agencies en- 
countered by little more than surface flow, over an area planted with 
vegetation, and the storm waters of most sewage disposal areas have only 
been run on osier beds or through coarse burnt-ballast filters, and receive 
no chemical treatment. The point is one on which some scientific data 
will be interesting and valuable. 
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Major-General C. P. Canny, R.E. (London), said for the most part he agreed 
with all the points raised in the paper. So far as the septic tank treatment was 
concerned he considered that the Leeds experiment proved conclusively that an 
open septic tank was really quite as effective as a covered tank—that the 
automatic covering produced by the scum collecting on the surface really took 
the place of the artificial covering of the septic tank. So far as they knew the 
results were the same. With regard to the intermittent sprinklers on the 
filters he also agreed that it would be an extremely valuable addition generally 
in bacterial treatment. The tendency of the experiments carried on at Leeds 
and other places had been in favour of continuous filtration, with perhaps 
deepened filters, but using the intermittent sprinklers. The objections, of 
course, to the contact beds when working in cycles was the difficulty connected 
with the opening and closing of valves at certain periods. They could hardly 
expect—at all events, in the smaller districts—that this arrangement would be 
carried out, although upon its proper control the purification would, no doubt, 
to a very great extent depend. In regard to the standards he also agreed that 
the albuminoid ammonia and the oxygen-absorbed tests were, perhaps, not at all 
conclusive as to the purity of a sewage effluent. They were introduced by Sir 
Henry Roscoe for the Mersey and Irwell Rivers Board as a general guide which 
they had asked for in order to judge of the purification effected. They wanted 
to have some standard by which the members of the Rivers Board, who were 
not chemical experts, could judge for themselves whether an effluent was fairly 
pure or not, and to that extent they answered the purpose, but the real test 
of a sewage effluent, i.c., that it should not putrefy, was after all what they 
would have to come to eventually, and he did not know that the albuminoid 
ammonia or the oxygen-absorbed test showed that conclusively.. Adverting 
again to the intermittent sprinkler he had been very much surprised at the in- 
creased rate at which it is possible to filter sewage—it might be, very weak sewage ; 
but Mr. Stoddart claimed to filter nearly a thousand or more gallons per square 
yard in 24 hours, which was a much higher rate than anything which had been 
done yet. It was very doubtful whether this rate could be permanently main- 
tained. He felt strongly that previous sedimentation of some kind would be 
necessary, and if trade refuse were mixed with the sewage it would be absolutely 
necessary to provide that the mixed sewage should not be treated on bacterial 
contact beds, unless it had been previously settled, or, perhaps, . aaa 
treated beforehand. 


Dr. 8. Rivzat (London) congratulated the authors upon bringing before the 
meeting their views, with which he was generally in accord. Some of them 
were views he had held for years. In December, 1896—nearly five years ago— 
he brought this question of bacterial purification before The Sanitary Institute, 
and then stated that the closing of a septic tank was not an essential part of 
the process, but that an anaérobic preliminary was necessary before going on to 
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the contact beds. He also then said, in reply to a question by Mr. Roechling, 
that in so far as the Exeter works had adopted contact beds they were wrong, 
and that when “the right ratio of air and effluent was maintained, the filters 
should work continuously.” Contact beds, when they were full, were not 
allowing the effluent to come into contact with oxygen, therefore contact beds 
were only doing oxidation work when they were apparently empty. A ‘resting 
full” period was consequently a waste of time. That was in the very early 
days, and experiments for the last four years had gone in this direction. It was 
interesting to find Dr. Kenwood and Major-General Carey were now in accord 
with those views, Dr. Kenwood and Dr. Butler did not quite admit that the 
anaérobic preliminary was essential ; they said “it may be disputed as to whether 
aérobic or anaérobic conditions are the more favourable for the liquefaction of 
the organic matter.” He could not follow them in this view, unless they meant 
that an open septic tank, being exposed to the air, was therefore not strictly an- 
aérobic; but he still claimed that an open septic tank exposed to the air, even 
when there was no scum on the surface, was anatrobic in its action, and he believed 
that the main change must necessarily be anaérobic. Further on in the paper 
the authors gave a marked illustration of that in regard to the fat difficulty: 
‘We have found it possible to recover large quantities of fat from the particles 
of a bacterial bed which has been ‘rested’ for several weeks.” This, in his 
opinion, proved that in a bacterial bed which had been resting for several weeks 
exposed to the sir under full aérobic conditions the particles of fat were per- 
manent. In a septic tank, open or closed, the particles of fat either sank down 
to the bottom or adhered to the bottom of the scum, and were then not under 
aérobic conditions, and consequently were hydrolised. They knew of no aérobic 
organisms which had the function of hydrolising fat, nor did they know of any 
organisms which had the function of hydrolising cellulose, so they could say 
certainly that two of the principal non-nitrogenous constituents in the sewage, 
viz., the fat on the one hand, and the straw and the paper and the cellulose and 
vegetable fibres generally on the other, were not at present known to be suscep- 
tible to aérobic putrefaction. These were the constituents which produced the 
major part of the sludge, and cause the filling up of a Dibdin bed, and therefore 
an anacrobic preliminary, or some other preliminary, was essential to get rid of 
these two constituents. They knew perfectly well that there were aérobic organ- 
isms capable of liquefying gelatine as well as anaérobic organisms, but because 
aérobic organisms had the function of liquefying gelatine, therefore to say that 
an aérobic process is capable of bringing about the preliminary necessary hydraulic 
change for the non-nitrogenous solids of sewage was misleading. With regard 
to the experiment at Willesden, it would be noticed that the results were obtained 
before any scum was formed on the surface, and therefore they were not meant to 
indicate the actual changes which would take place. These results were in 
direct conflict with the experience at Leeds, but further experiments were being 
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made at Leeds in an open septic tank with a seventy-two hours’ sojourn, so that 
further evidence would be forthcoming on that point. Twenty to thirty parts 
per hundred thousand for the suspended matter from a septic tank was a high 
figure, and he should have said it was easy to effect a reduction of suspended 
matter in the sewage to some fifteen parts per hundred thousand. He cordially 
agreed with the authors when they stated that ‘“‘rapid sedimentation therefore 
appears to be eminently practicable, and this, followed by the application of the 
effluent to primary and secondary bacterial beds treated by intermittent contact, 
with outlet pipes constantly open, and fed by sprinklers or Stoddart’s distributor, 
appears to afford the best means at present known of dealing efficiently with 
sewage in the shortest time, and on the smallest area.” That seemed to sum up 
very well the position at the present time. With regard to standards, these 
were & perennial source of contention, and in his practice he adopted the rule to 
analyse samples as soon as possible. That had been laid down by the British 
Association Committee, of which he was Secretary some years ago. Most 
analysts of any considerable practice had met with varying results similar to 
those described by the authors. The albuminoid ammonia was bound to increase 
from a liquid which was not sterile, and which contained carbonic acid and 
nitrate. The disappearance of nitrates, too, had also been noticed, and the 
term he used to describe this was a useful one., ¢.e., denitrification. This might 
be accompanied either by the decrease of albuminoid ammonia, as first shown by 
Gayon and Du Petit, or the albuminoid ammonia might be increased by the 
alge and the green growth in other cases. Denitrification would account for 
many of the changes recorded in those experiments. After all it must not be a 
question of a particular standard, but one of ratio of the oxidised and the 
unoxidised constituents. That was a far better measure of purification than per- 
centage purification—the ratio or amount of organic matter oxidised to the 
amount of organic matter that is to be oxidised—that would give a very fair 
measure of the actual quality of a liquid at a particular time, bearing in mind 
always that those liquids could go up and down according to the organisms 
which are present in the liquid. 


Dr. 8. BaRwisz (Derby) observed that Dr. Rideal had touched on most of 
the points with which he had wished to deal. He quite agreed with Dr. Rideal 
in what he had said in regard to denitrification, although there were very many 
variations of the process. A case in point was that of an excellent water 
supplied to the Derbyshire County Asylum—a water containing practically no 
free ammonia, and the albuminoid ammonia represented by the third place of 
decimals, but containing a considerable amount of nitrates. A sample of that 
water kept in the sun for about a fortnight would yield ‘02 and :03 per 100,000 
of albuminoid ammonia, owing to the confervoid growth on the sides of the 
bottle, while at the same time the nitrates have been found to disappear to a 
very great extent. He objected to the term “ continuous filters” because they 
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ought never to be continuous; filters must have a rest, and it was awkward to 
know what word to use to describe them: intermittent sprinkling filters was a 
correct term but verbose. 


Dr. RIpEAL suggested the term “ percolating filters.” 


. Dr. BarwiskE said that his experience had suggested the material of which 
the beds were composed should be of such a size as would go through a }-inch 
screen and stop at a 3-inch screen. They had no works in Derbyshire which he 
would like to see working at the rate mentioned by Dr. Kenwood except one, 
where a little works was carried on by a defunct company which ingeniously 
pumped spring water into the sewage before filtering it. With regard to 
standards of purification, those who like himself had to advise bodies of business 
men, were compelled to adopt a standard of some kind as Major-General Carey 
had mentioned in the case of the Mersey and Irwell Board. The result of 
publishing a standard would be that all the authorities would require to be treated 
in the same way. It would be a useful thing to know from the authors, and also 
from Dr. Rideal, whether it had been found possible in practice to add to the 
effluents some antiseptic to prevent denitrification whereby samples could be 
kept for a week or two before analysis without the fatal and contradictory 
results Dr. Kenwood had obtained by keeping his samples. Having given the 
results of experiments and analyses he had carried on, Dr. Barwise pointed out 
that in considering the question of standards they must take into consideration 
the character of the river into which effluents had to be discharged. No doubt 
there was a real danger of effluents containing specific organisms being dis- 
charged into rivers, but the remedy to his mind was that where the effluent was 
discharged into a stream above the intake of any water company, that after the 
sewage had gone through the bacteria beds, or the biological process of filtration, 
it should be continuously filtered as water is at present filtered through a sand 
strainer. He thought the authorities could afford to filter the effluent at the 
same rate as the London water companies filtered their water, and by that 
means they would be doing everything possible to minimise the danger. Person- 
ally he would much prefer to see the effluent from a bacteria bed filtered through 
a sand filter than that after it had gone through the bacterial process it should 
be subjected to a: process of irrigation on land. 


Dr. Barwise then handed in the following as the standard adopted by the 
Derbyshire County Councll, and he pointed out that he placed most reliance on 
the results of the incubator test. 


DegrsysHizn County CounciL.—Pvurity or SpwaGe EFFLvENTS. 


Organic Ammonia. A good effluent is one which contains less than 0°1 part 
per 100,000 of organic ammonia. 
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Nitrogen as Nitrates. An effluent should contain more than °5 parts per 
100,000 of nitrogen as nitrates. The nitrates are produced by the action of the 
oxygen of the air in the pores of the land or intermittent filters. The amount 
of nitrogen as nitrates is the best index of the efficiency of the action of the 
land or filters. 

Incubator Test. A good effluent should be so thoroughly oxidised that it 
does not absorb more oxygen after incubation for one week than it does at the 
time of collection. 

Shake Test. A simple test which cau be readily applied is to shake vigorously 
for one minute a bottle half filled with effluent. All frothing should disappear 
in three seconds. ° 


Mr. W. D. Scorr-Moncrizrr (London) congratulated the authors of the 
paper on the large attendance, which showed the interest taken in the subject 
by practical sanitarians. The views expressed in the paper were greatly 
supported by his own experience. In referring to the material for the construc- 
tion of bacterial beds, the authors should, he thought, have taken the opportunity 
of warning those who proposed to adopt them against the use of burnt ballast, 
on account of its tendency to disintegrate. He agreed with Dr. Rideal that the 
reference made to preliminary anaérobie treatment was somewhat vague. Ex- 
perience obtained from sewage which had travelled through long lengths of 
sewers might have somewhat confused the issue in the minds of the authors. It 
was unfortunate that more accurate information had not been obtained on the 
question of the amount of anaérobic fermentation which gave the best results. 
The value of the anaérobic factor ought to be estimated from its capacity to 
render the organic matter more readily broken down in the oxidising changes 
which followed it. He thought that no conclusions were reliable which over- 
looked the biological element in the changes which the authors referred to 
under the head of Standards of Purification. All the experiments pointed to 
the improbability of any two samples being biologically identical, and the extra- 
ordinary variations which occurred from time to time could only be accounted 
for by each chemical change offering a favourable or unfavourable environment 
for the life processes of organisms which flourished or were retarded as the 
conditions altered. He quite agreed that the standard of purification ought to 
be based upon the inherent capacity of an effluent to resist putrefaction, and not 
upon the quantity of albuminoid ammonia present. He quite agreed that 
contact beds were not capable, under ordinary conditions, of giving results at all 
comparable with what could be obtained from well aérated “ percolation” beds. 
He suggested the term as a better one than downward filters. 


Mr. Kays Parry (Dublin) said that in the presence of so many chemists 
and medical officers he would prefer not to discuss the early part of the paper 
at all, although he recognised the value of the accumulation of interesting facts 
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which the authors of the paper had presented to the meeting; in the sewage 
purification question facts were wanted, not theories, and they could con- 
gratulate Dr. Kenwood upon having added very considerably to their knowledge 
on this important question. With regard to tank capacity for sedimentation, 
he might mention that practical engineers knew that if they were called upon 
to provide 50 hours’ tank capacity for sedimentation alone, their works would 
become very costly, because tank capacity was a big question in connection with 
sewage purification, and it was an element that must not be overlooked. It 
was equally true in regard to the whole question of filtration that the con- 
sideration of cost must come in, because that system which did the best work in 
the most economical way was the one which would come to the front in the end. 
Possibly, however, the most interesting points to consider in the paper were 
those relative to the standards of purity for sewage effluents. It was instructive 
to hear Dr. Kenwood’s observation as to the legitimacy of drawing inferences 
from analyses regarding sewage eflluents. In this connection he would like to 
refer to the methods which his friend and colleague, Dr. Adeney, had advocated 
for many years as the best in estimating sewage effluents, namely, by estimating 
the dissolved gases. If there was a loss of atmospheric oxygen, and side by side 
there was an increase in carbonic acid, they might legitimately infer that some- 
thing like fermentation was going on in the liquid. This test was valuable, not 
only in regard to sewage effluents, but also in connection with drinking waters, 
because they might have a water yielding a good analysis under ordinary con- 
ditions, but which had been robbed of its dissolved oxygen by some previous 
organic fermentation. The ordinary analysis would give them no indication 
of that, but if they estimated the dissolved gases they would find that the 
normal quantity of dissolved oxygen was absent, and then they could legitimately 
conclude that the water had been subjected to some previous pollution, although 
all other traces of pollution had disappeared. Years ago at the Leeds Sanitary 
Congress, he had pointed out that Dr. Adeney had divided the purification, or 
fermentation, of sewage into two distinct states—the first, in which carbon 
oxidation takes place ; and the second, in which the nitrogen oxidation takes place. 
He did not agree with Dr. Barwise that all effluents should be required to reach 
the same standard of purity, no matter under what conditions and into what 
volume of river water they were discharged ; when they were discharging into a 
small stream he considered they must have a higher degree of purity than when 
discharging into a larger stream. The volume of the liquid into which sewage 
effluents were discharged was always a matter for consideration, because if they 
were discharging into river water containing its normal quantity of atmospheric 
oxygen, the atmospheric oxygen would do all that was necessary, or very nearly 
all that was necessary, as regards the purification of the liquid discharged into 
it, provided there had been a preliminary removal of the solids. There was one 
other question which he hoped would some day come to the front, and that 
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was the protection of our foreshores from sewage, and the recognition of the 
necessity of having some standard regulating the discharge of sewage onto fore- 
shores and into tidal estuaries, as well as into rivers and streams, in order that 
the foreshores of these islands might be protected. His colleague and he had 
been making observations in regard to this matter so far as concerned the River 
Liffey, and probably the results obtained would before long be given to one 
of the scientific societies. 


Mr. Dovenas ARCHIBALD (London) said that the question of suspended matter 
had been dealt with rather loosely. How far was the sewage supposed to be 
freed from suspende) matter? Bacterial preliminary treatment in a tank was 
found to yield an effluent with about 10 grains per gallon, according to Dr. 
Rideal and other authorities. The authors of the paper bad put it even bigher, 
viz., up to 30 parts per hundred thousand or 21 grains per ga.lon. He men- 
tioned this because it emphasised the regret that chemical treatment had been 
so much overlooked. He could mention a chemical effluent in which, to his 
certain knowledge, there was no suspended matter at all, and which consequently 
led to no sludging up of the subsequent filter. It seemed to be taken for 
granted that contact beds with a sedimentation tank would do all that was 
required, but if those contact beds sludged up with the suspended matter, then 
a very serious question would have to be practically faced by towns that adopted 
the bacterial system. It would have to be calculated how soon these beds would 
sludge up. ‘The result of the four leading experiments at Leeds, Manchester, 
London, and Leicester, on raw and partially settled sewage, gave sixteen months 
for the life of a filter, or in other words, they sludged up at the rate of 88 per 
cent., per annum. Even after septic tank treatment they sludged up at a rate 
of over 40 per cent. Now, if filters were to be useless in sixteen months or 
two years, the material must either be replaced or new filters put in, and this 
in regard to the practical question of economy ought not to be overlooked. He 
confessed he was not able to accept the dictum of the writers of the paper that 
the biological system, or purely sedimentation tank, followed by contact beds, or 
even by continuous filtration, was sufficient, because in the end it would be 
found that the sludge difficulty was only apparently disposed of by being trans- 
ferred from one point to another point of the system. In any case they had 
to get rid of the sludge in the tanks, and he was surprised at the statement by 
the authors, as a result of their experiment, that the sludge taken out of the 
septic tank at Willesden was innocuous, because the results of the experiments 
at Leicester showed that the sludge in the tanks there was very offensive indeed. 
But, assuming for argument’s sake that the septic sludge was absolutely inoffen- 
sive, there were still two practical difficulties for towns to face which had not 
been adequately considered by the bacterialists, viz., tank sludge removal and 
filter renewal. In a certain case he knew of, the production of a sludge by 
chemical means was so superior to that resulting from the biological methods that 
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it obviated all the difficulties of disposal and removal to which he had referred. 
With regard to the standards if the albuminoid ammonia, as the authors seemed 
to think, was not a reliable test, the adoption of such as test as that of the 
dissolved oxygen, suggested by Dr. Rideal, might be an advantage. He quite 
agreed that something should be done to make the results of analyses comparable. 
It was an unfortunate thing in regard to standards, that these were so often 
expressed in different units. It would be an advantage if investigators could 
agree upon some common form in which to express their meaning, and if some- 
one would come forward with a unit which everyone would accept, deciding once 
for all whether it should be grains per gallon, or parts per hundred thousand, 
or parts per million, much confusion would be obviated. 


Mr. A. J. Martin (Exeter) expressed the pleasure with which he had 
listened to the paper, and said he had seldom heard so much common sense on 
the “standard” question compressed into such a small space as there was in the 
latter part of the authors’ paper. There seemed to be a little friendly competi- 
tion as to the best word for describing the continuous method of filtration, and 
he would suggest that they might call it the “trickling” system. It was rather 
astonishing to note the divergence in the figures given by different speakers as to 
the quantity of work that continuous filters could do; and he would point out 
that in order to make proper comparisons of the amount of work done by 
“trickling ” filters and contact beds respectively, the depth of the beds ought to 
be stated in each case, otherwise the comparison was misleading. Referring to 
the remark made by Dr. Rideal as to the contact method being wrong in 
principle on account of keeping the effluent in the bed out of reach of oxygen, 
so far as he could remember several analyses of effluents from contact beds made 
by Dr. Rideal himself showed a large amount of dissolved oxygen in the effluent 
as it emerged from the filter. That seemed to him to be a good answer to the 
contention that the liquid is kept in the filter under anaérobic conditions instead 
of aérobie conditions. In comparing the two systems, they should not lose sight 
of the fact that the great practical advantage in the contact system introduced 
by Mr. Dibdin was that it overcame the great difficulty met with in the trickling 
system, viz., that of distributing the work uniformly over the filter. It effected 
a perfect distribution of the effluent, and every cubic inch of filtering material 
was made to do its proper share of work. The point to be aimed at in a contact 
bed was to get into a given space the largest possible amount of surface ; but if 
this point was pushed too far by having the particles of filtering material too 
small, the liquid would be held up by capillary action, and they would not be able 
to get rid of it. Short of this, he agreed with Dr. Barwise that it was desirable to 
increase the surface so far as possible by reducing the size of the material. The 
limit to which such reduction could be carried was generally imposed by the 
question of what is called “sludging up.” He was astonished to hear on the 
authority of the last speaker that a contact bed would sludge up in sixteen 
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months, because he knew of some that had been in work four or five years and 
had not lost their capacity. After the first year the water capacity of a bed 
properly worked seemed to become practically constant. The size of the material 
which might be used was undoubtedly bound up with the question of the amount 
of suspended matter in the effluent, and he was surprised to hear the authors 
of the paper speak of such a large quantity as thirty parts per hundred thousand 
as a normal smount. 


Dr. Kenwoop pointed out that the figures mentioned were “from ten to 
thirty parts per hundred thousand.” 


Mr. Martin said that in his experience ten grains per gallon was an outside 
figure. The prevention of ‘“sludging up,” by the elimination of suspended 
matter, was the most important question in relation to contact beds which 
remained to be dealt with. He had therefore devoted considerable attention to 
the problem of delivering to the beds an effluent free from suspended matter, 
and had devised some very effective means for the purpose. 


Dr. W. Burier (London) then replied to some of the criticisms. He 
thanked the meeting for the way in wh‘ch the paper had been received, and said 
there were not many points to answer, but such as there were they were of 
importance. He was particularly pleased to hear Major-General Carey endorse 
their remarks as to what is the essential character of a good effluent. A good 
effluent is that which would not undergo offensive decomposition under any 
circumstances tu which it is likely to be subjected before finally reaching the sea. 
That was a fact which must always be kept before them, and it was a fact that 
seemed invariably to have been lost sight of in the past. It was the criterion by 
which the figures of a chemical analysis must themselves be judged, and it 
mattered not what these figures were if this condition were conformed to. If 
that condition, which he had laid down, was conformed to the figures resulting 
must be the right figures. Had that fact been kept before them he did not 
think they would have been troubled with the standards which have been a 
source of difficulty in the past, and if there was one thing which they desired in 
that paper to do it was, in face of the very astonishing facts which their experi- 
ments had disclosed, to dispose once and for all of the use of any standard of 
albuminoid ammonia, or of any other figure in the chemical analysis, which is to be 
set up as a measure to which all effluents must conform. Such a standard was essen- 
tially wrong in passing judgment upon a sewage effluent, and their experiments 
had driven them to the position—although when they started they were inclined 
to attach to it some of the importance which has generally been ascribed to it— 
that albuminoid ammonia is of no value as a measure of the essential quality 
of an effluent. Of no value for one reason, that it increased and diminished 
in the same effluent from time to time, and this had given rise to perhaps the 
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most serious criticism of the evening. Dr. Rideal, Dr. Barwise, and Mr. Scott- 
Moncrieff had all attempted to explain this change in the action of the albumi- 
noid ammonia in the final cffluent. They were informed that the increase in the 
albuminoid ammonia in the final effluent is associated always with denitrification, 
and that this denitrification and increase of albuminoid ammonia in a liquid con- 
taining carbonic acid, salts, and nitrates, was due to their organisation, to the 
growth of alew, &c., which when subjected to alkaline permanganate would yield 
albuminoid ammonia. To his mind that was a very astonishing explanation, 
because it was made to cover such a variety of facts that occurred under sucha 
variety of conditions that it would be truly amazing were that the explanation. 
He could not accept that explanation, and he was sure Dr. Kenwood was with 
him in this matter. The explanation that they (the authors) offered might not 
be the correct one, but it was one which seemed best of all to meet the enormous 
number of facts with which they had to deal in their observations. The ob- 
served changes were quite analogous to the behaviour of the oxidisable organic 
matter, and they were in line with most chemists on the subject in looking upon 
the oxidisable organie matter figure as merely a phase, a physical condition of 
the organic matter in solution—an expression really of stability, of its capacity 
to be attacked by the agent used. Now albuminoid ammonia seemed to be 
strictly analogous to that. Albuminoid ammonia expressed in terms of nitrogen, 
or in terms of ammonia, that part of the nitrogenous organic matter present in a 
state of comparative instability. There was a residue of organic matter which 
did not appear in their analysis—a residue of stable organic matter which they 
did not get to-day, which they might get to-morrow, because its stability in the 
meantime had been shaken. This fact would account for a rise in the albuminoid 
ammonia, while its diminution was due to its reduction to a further and more 
ultimate product. That was a very important fact, because when they took that 
along with the other changes that occurred in the effluent, they would see they 
did not get in the sewage effiuent anything of a final character. A sewage 
effluent was not a chemical product, but a changing medium which is one thing 
now, another thing to-morrow, and still another on the day following, and these 
changes went on until it ultimately approached to what we understand to be 
pure water, but these changes were prolonged, and continued for a long time. 
They had kept effluents under observation for twelve and for eighteen months, 
and they had known effluents not to reach anything like a final stage of purifica- 
tion for twelve months under varied conditions. Therefore they would see they 
could never hope to have anything in the nature of finality in a sewage effluent 
which they turned off their farms; and if they were not to do that, then it was 
easy to say good-bye to final standards as to what effluents should be. Again 
he repeated that what they wanted was an effluent which would not decompose 
offensively, but one which was in a condition to undergo those final and ultimate 
changes of purification without giving rise in the meantime to offence. and if 


Discussion. 119 


they could leave their effluent in that stage they would have got something that 
was satisfactory. 


Dr. Barwisez asked Dr. Butler if they had noticed growths on the bottles of 
their samples. 


Dr. Burier said in most cases they did not get any growth on the sides of 
the bottles at all, or on the bottom: many of the samples they had were abso- 
lutely clear to this day. In any case it was quite inconceivable that alge should 
appear within twelve hours of an analysis showing an increase of albuminoid 
ammonia, and disappear again in another twelve hours leaving no trace of their 
existence as disclosed by a subsequent analysis. Each term of an analysis was 
in a state of flux as the same effluent was followed from day to day, but the 
changes were not of a character to be accounted for by the growth of alge. 
With regard to the question of anaérobic or aérobic action, a preference for one 
or the other, he would like to point out that neither Dr. Kenwood or himself 
had said anything definite as to whether anaérobic or aérobic treatment is best 
for the actual suspended matter in sewage ; that was an open question at present, 
and he doubted whether anyone was in a position to decide it; but with regard 
to the actual liquid parts of the sewage they did say there was no evidence to 
show that anaérobic action was necessary, and there was presumptive evidence 
that it did harm. Aérobic action was preferable. The object was to get an 
inoffensive effluent, and anaérobic action must increase the offensiveness without 
so far as they knew tending with any increased rapidity towards ultimate purifi- 
cation. In their view they were not to aim at this point—not to aim at producing 
an ultimately pure effluent because that would be pure water, but they were to 
aim at getting an effluent which was inoffensive, one that would not decompose, 
and the sooner this was effected the better. Dr. Rideal suggested that there- 
were no aérobic organisms known which would effectually deal with cellulose, 
paper, fat, straw, and so forth. He was prepared to admit the fact, but he was. 
not aware that it had been shown yet what the organisms are that throw into. 
solution and attack cellulose, paper, and such things. He was not aware that 
any organisms had been isolated from sewage, whether aérobic or anaérobic,. 
which were known to liquefy these substances. It was an open question and 
quite undecided by any facts which had come under their observation. It 
seemed to him a matter to be decided by future experiment. The separation of 
these solids and their disintegration, liquefaction, or dissolution scientifically 
observed, would aid in the solution of that part of the problem; but so far as. 
the liquid part of the sewage was concerned, they were satisfied it should be- 
passed on and dealt with as quickly as possible under aérobic conditions. 


Dr. H. R. Kenwoop (London) also touched on some of the points which had 
been raised in the discussion, and which Dr. Butler had not dealt with. With 
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regard to the changes in the effluents which had so puzzled them, he was bound 
to say that the explanations offered that evening did not satisfy him, and he 
remained puzzled. Anyone present could examine the samples which they had 
in the Public Health Laboratories at University College, there being some 
hundreds of them; and they would not find any evidence of alge in a large 
proportion of them, even at the present time (the middle of April). He was 
certain that the growths of conferve had nothing whatever to do with the 
varying figures of analyses which they had obtained, for the sufficient reason 
that the large majority of the effluents were entirely free from any such growths 
at the time of analysis. He agreed that such growths were capable of seriously 
affecting the albuminoid ammonia and oxygen absorbed figures, but he was 
surprised that the matter should have been raised in connection with the facts 
dealt with in their paper. Almost the whole of their experiments were 
conducted in the winter six months, a period in which algoid growths are con- 
spicuous by their absence; and, as a matter of fact, the two illustrations of 
the varying results of daily analyses of the same effluent which are given in the 
“paper, are selected from analyses performed towards the end of November and 
-the commencement of December—a period of the year during which he could 
.searcely bring himself to believe that Drs. Rideal and Barwise, or Mr. Scott- 
Moncrieff, had experienced difficulties from the growth of algw. Did these 
gentlemen, moreover, seriously suggest that algoid growths were capable of 
causing the daily fluctuations in albuminoid ammonia—fluctuations which one 
day lead to an increase and the next day to a decrease? Dr. Barwise had 
_ quoted an instance of an excellent water which, when kept in the sun for about 
.@ fortnight, would yield great increase in albuminoid ammonia owing to the 
.confervoid growths on the sides of the bottle, and he holds that these growths 
are responsible for the “ fatal and contradictory results” we obtained by keeping 
.our samples under observation. What is the logical conclusion to all this? He 
advocates a limit of +1 part per 100,000 of albuminoid ammonia, and he acknowl- 
edges that the estimate of this ammonia may be considerably affected by the 
growth of conferve. Suppose then we took an effluent which shortly after its 
collection furnished ‘1 of albuminoid ammonia, and allowed it to sweeten ‘in the 
gun for a fortnight,” then the effluent, if analysed after its fortnight’s further 
self-purification, might at certain times of the year show an increase in albu- 
minoid ammonia due to algw, and the “ fatal result ” would be that it would be 
pronounced unsatisfactory. They had been told by Dr. Barwise that when 
advising bodies of business men they must adopt certain arbitrary standards. 
He did not agree. He and Dr. Butler had advised many public bodies, but they 
did not say you must have your effluent come up to °l per 100,000, for the 
simple reason that they knew that they might, under certain circumstances, get 
an infinitely better effluent, which on analysis would furnish as much as -4 part 
per 100,000. In conclusion Dr. Kenwood congratulated the meeting on the 
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circumstance that some of the first authorities on this difficult subject had con- 
tributed to the discussion on the paper that evening, and both he and Dr. Butler 
thanked them for their criticisms. Such discussions materially aided in bringing 
us nearer to the goal they were all anxious to reach—the goal of a sound and 
scientific grasp of all the facts which are bound up in the subject of the biological 
purification of sewage. 


Tue CHairMan proposed a vote of thanks to the authors of the paper, and 
said he had hoped they would have made some reference to the question of the 
influence of light on sewage and sewage effluents. Experiments he had made 
some years ago showed that nitrates were extraordinarily increased by being 
kept in the dark rather than in the light, and he believed that a great deal of 
the success of the so-called anaérobic treatment was due to the absence of light. 
With regard to standards he thought a sewage sample ought to be analysed 
directly it was received, and afterwards incubated for a number of hours and 
then analysed again, and if they all did that, at the same time reducing the 
samples to. identical alkalinity, they might probably get more uniform results. 
He quite agreed that at present there was great confusion. He thought the 
process of Dr. Adeney and Mr. Parry seemed to have been much neglected in this 
country. One of the curious results of the discussion to him was the general 
agreement, possibly with one exception, that of the gentleman who referred to 
the chemical treatment of sewage—it was a pity that they had not this latter 
aspect of the matter more fully represented that evening—but so far as the 
discussion had gone on biological grounds the speakers were in general agree- 
ment, and he was certain that the report of the meeting would be found to be 
moft interesting when it appeared in the Journal of the Institute. 


Mr. S. R. Lowcock (Birmingham), who was unable to attend the meeting, 
sent the following remarks upon the subject of the paper: 

I have read with much interest the copy of the above paper which you were 
good enough to send me, and in the main I quite agree with the authors’ 
conclusions. 

My experience is that except under very exceptional conditions it is cheaper 
and easier to produce an equally good effluent by means of sedimentation tanks 
and bacteria beds than by treatment on land, whether the’sewage is applied in a 
crude state or previously strained or subjected to chemical treatment. 

in addition, the biological process is far more certain in its results, can be 
kept under much better control, and can be more readily adapted to deal with 
the varying qualities of sewage which we are called upon to purify. 

I have also found that it is essential to sediment the sewage before applying 
it to the beds, and I am very pleased to find that the authors’ experiences 
confirm what I have long contended, that the best results are obtained from the 
intermittent application of sewage to at least two sets of beds, the outlet pipes 
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of which are always open and which are thoroughly aérated, thus providing for 
the effluent in thin films being constantly in contact with air. This is aproaching 
what I consider the ideal of a system of sewage treatment, which is, a sedimen- 
tation tank and at least two sets of bacterial beds, followed by land on to which 
the nitrified effluent can be turned when required by the crops, and when not 
so required can be sent directly into the river without nuisance. I have not, 
however, been able to obtain, in permanent working, the purification of such 
large quantities per square yard per dag as are given by the authors. 

This circumstance may be accounted for by the difference in qualities of the 
sewages dealt with, but my experience is that in round figures we cannot rely 
upon dealing with more than from 200 to 250 gallons per square yard per day 
as a regular permanent average rate. ' 

I have filters which have been at work for five years at these rates, and they 
are giving very excellent results, and show no signs of deterioration or loss of 
capacity. 

The question of the total quantity per day is not the only question to be 
considered in connection with bacteria beds, as the question of rate is of very 
great importance. 

A common method in making experiments is to take only @ portion of the 
daily flow of sewage arriving at the outfall works and treat that by means of 
biological tanks or bacteria beds of various sorts, and thus the quantity treated 
and the rate of flow is practically uniform, so that, as in the example of the 
working of contact beds given by the authors, these can be worked with absolute 
regularity, being filled in say one hour, rested full for two hours, emptied in one 
hour, and allowed four hours aération. When, however, the process comes to be 
applied to the whole of the sewage reaching the works, the conditions are 
entirely altered owing to the varying rates at which the sewage reaches the 
works at different periods of the day. 

To reproduce the experimental conditions therefore would require a very 
large and costly tank to provide for storage and equalization of the flow, but the 
working of the beds, whether contact beds or intermittent aérating beds with 
open outlets, can be made practically uniform by working them in groups as 
shown by a set of diagrams which I communicated to the “Surveyor” in 
September last. 

This is as I have already said, a point of great importance, and I am now 
superintending the construction of several sets of sedimentation tanks, contact 
beds, and aérating filters, each set being arranged on different lines, but in such 
a way that they will all be fed with the same sewage in the same proportional 
quantities as it comes down to the works, and I hope that in a few months the 
results of these experiments will be available. 

I am glad to see that the authors have touched upon the question of 
distribution, as this is really the chief difficulty in connection with beds with 
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- open outlets. So far I have been able to get over the difficulty most satisfactorily 
by flushing the effluent on to the surface through flat troughs with perforated 
sides placed fairly close together. 

Just one word as to a standard of purification: As the authors point out, 
the purification of sewage is a matter in which, to obtain really satisfactory 
results, the biologist, the chemist, the engineer, and the medical officer of health 
must work in cordial co-operation, but as far as a standard of purity goes the © 
engineer has only to carry out the works necessary to produce an effluent, 
complying with the standard set up by the members of the other three 
professions. 

There appears, however, to be very great difficulty in agreeing upon such a 
standard, or indeed upon the terms in which such a standard can be expressed. 

If such could be agreed upon, and sufficient money be placed at the 
engineer’s disposal, I do not think there would be any great difficulty in 
producing an effluent to meet the requirements. 

I do not believe, however, that it is possible or even desirable to fix any hard 
and fast limit of impurity, as no two set of conditions are ever exactly similar, 
and a standard which would be very desirable in the case of a city or town 
discharging its effluent into a small stream, the waters of which are subsequently 
used for manufacturing or other purposes, would be quite unreasonable and 
unnecessary where the effluent is discharged into a large volume of water not 
subsequently used for any such purposes. 

It appears to me that every individual case ought to be judged by itself, and 
a standard fixed in relation to the circumstances existing in such case, taking 
into consideration the quality and quantity of the sewage and the effect of the 
effluent on the stream into which it is discharged and the purposes for which the 
water in the stream is to be subsequently used, I therefore entirely agree 
with the authors’ conclusions in this respect. 
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AN EFFECTIVE SOLUTION OF 
SEWAGE TREATMENT 


AND DISPOSAL BY CHEMICAL TANK AND BACTERIAL FILTER. 


By DOUGLAS ARCHIBALD. 


HE tide of human progress is for ever on the ebb and flow. To-day 

we are carried on the flood towards what promises to be the long 

sought for complete solution of our problem. To-morrow we drift back 
with the ebb towards its exact anti-type. 

Meanwhile, in our rush from the one extreme to the other, we too 
often neglect the intermediate zone, the via media, which by welding 
together the advantages, and discarding the disadvantages, gives us a 
composite solution vastly superior to that effected by either component 
acting alone. 

The importance of such a mental attitude is especially great just now, 
when a wave of sentiment is passing over the world in favour of biological 
purification of sewage, and all chemical or so-called artificial methods, are 
regarded as objectionable and obsolete. 

As too often happens in such cases, a blind rush has been made 
towards this latest El Dorado, similar to that which some years back took 
place when chemical treatment in tanks burst upon the world as the long 
looked for alchemist’s dream, by which sewage could not only be purified 
but converted into a manure which would realise such a price as to cover 
the entire cost of treatment from start to finish. 

And here it may be pointed out that just as this error arose in the 
purely chemical treatment, from a neglect of the various items of cost, so 
the apostles of purely biological treatment appear to be rushing into a 
similar error in regard to its assumed economy by their neglect of the 
various items connected with the disposal of the suspended solids through 
tanks and filters, the capacity of both required to effect the requisite 
purification, and the cost of periodical renewal of filter material when the 
latter become choked with the solids which in a properly conducted 
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chemical scheme would be all deposited at the base of the preliminary 
tanks. 

Some three or four years back, when the so-called Sutton double 
_ contact, without tanks, and the Exeter septic tank and single or double 
contact systems were started, we were all led to believe : 


(1) That practically speaking there would be no sludge deposited in 
the tanks. 

(2) That one or two contacts would effect the highest purification. 

(3) That there would be no difficulties in connection with filter 
renewal, 

(4) That the disuse of chemicals would involve a great saving not 
only in material but also in labour. 

Now, in the light of the practical results of experiments, what do we 
find ? 

(1) It is admitted by Dr. Kenwood and Dr. Butler as a result of their 
experiments that only from 30 to 40 per cent. of the solids are digested in 
the tanks. 

A review of all the recent septic tank experiments at Leeds and 
Leicester gives as a joint average similar results. Thus, from sewage 
containing in each case 44 grains of suspended solids, we find dissolved in 
the tanks 17 grains, = 384 per cent.; deposited in the tanks 15} grains, 
= 35 per cent.; left in the tank effluent 11} grains, = 26} per cent. 

Here, then, not only do we find that the amount dissolved is less than 
40 per cent., but that the remaining 60 per cent. is not deposited at one 
point as it would be in the case of a thorough chemical precipitation, but 
is divided between the tank and the tank effluent, and hence causes that 
sludging up of subsequent filters which is creating such dismay among the 
upholders of bacterial tank treatment. At Exeter I find the proportions 
are similar, viz., 41 per cent. only, dissolved, and 59 per cent. distributed 
between the tank and filter. 

The question at once arises: Is it worth while, for the sake of saving 
40 per cent. only of solids, to at once discard all chemicals, and possibly 
incur counterbalancing expense in attendant drawbacks ? 

I hope to be able to show that it is not so, but that a judicious blending 
of chemical tank treatment and bacterial contact will constitute a “ modus 
vivendi” between the opposing camps, besides effecting the maximum 
economy. 

(2) Notwithstanding a general impression to the effect that the purifi- 
cation produced by the purely bacterial process is high, I find upon an 
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examination of the large amount of data that are now available, that in 
most cases even after several contacts, or after one or two contacts after 
septic tanks, the purification in no case exceeds what can be accomplished 
with a tank and single contact filter when adequate chemicals are employed 
in the former. 

Thus, in the Leeds experiments, the highest purification, as measured 
by the albuminoid, was effected between Oct. 27th, 1898, and Oct. 9th, 
1899, and may be seen below. 


Albuminoid ammonia in 
grains per gallon. Purification per cent. 


Raw sewage oe oak vee 7809 
First filtrate a — «= 818 .. 60 
Second filtrate... se8 = ORL «. 90 


but this was not afterwards sustained, and I have found no others, even 
where continuous filters have been employed after septic tank, to equal this. 

Moreover, on examining the rate at which the filters at Leeds were 
sludging up, which will be referred to later, such purification was evidently 
being accomplished under circumstances which may be described as in- 
volving a rapid waste of the filter potential or capacity. 

The average of the general results at Manchester, Leeds, Leicester 
and Knowle gives a final purification of barely 80 per cent. upon the raw 
sewage, as measured by the albuminoid ammonia. The results of the 
purification as measured by the oxygen absorbed for the same group with 
London substituted for Knowle, gives an average of 83 per cent. Now 
these are not remarkably high figures, even were they attended by no 
filter losses. 80 per cent. purification is frequently obtained by a good 
chemical tank eftluent, and if 70 per cent. upon this is attained after a 
single filtration, we have at once a final purification of 94 per cent. upon 
the crude sewage.* 

The final filtrates from raw or non-chemically treated sewage are thus 
no purer as a rule than the direct effluents from chemical tanks, and 
except in cases where the original sewage is weak, would ordinarily violate 
the present river standards. 

The reason for this low degree of purification attained after septic tank 
and contact filtration, is readily seen when it is remembered that the very 
plan by which the 40 per cent. of solids in the bacterial tank are sought 
to be eliminated by digestion, throws exactly so much extra work upon the 


* By the simple formula r = p + g — pg, where p and g are the crude to tank, and 
tank to filter, percentages, and r is the total percentage from crude to filter. 


Dovuguas ARCHIBALD. 127 


agents, which tend to effect a simultaneous reduction in the dissolved _ 
impurities in the menstruum. Hence the purification effected upon the 
crude sewage by a septic tank is at most but 60 per cent. and since the 
average purification claimed for one contact filtration of a bacterial effluent 
is about fifty per cent., the two together would exactly produce a final 
purification of only 80 per cent. upon the crude sewage. 

(3) The question of filter sludging and renewal of material is one which 
is rapidly assuming great importance. In fact, the rapidity with which the 
contact filters at Leeds have been found to sludge up when dealing with 
crude sewage, delivered on to them without previous tank sedimentation, 
or septic tank treatment, has dealt a death-blow to the general acceptation 
of the “Sutton” system, inaugurated by Mr. Dibdin, which was started with 
so much confidence and was at one time considered to be about to render 
not merely previous chemical tank treatment unnecessary, but the use of 
tanks altogether. To realise how enormous this sludging is and what an 
effective bar it constitutes to the practical carrying out of the tankless 
double contact system at Leeds, I need only quote the following from 
Mr. Harding’s report : 

“Only by working them (the beds) at the rate of one filling of 25,000 
gallons per 24 hours, could the continued life of the rough bed be secured, 
and even then the ultimate choking seems inevitable owing to the retention 
in the beds of matters which have reached an irreducible condition, and 
which could not be consumed by resting the beds.” 

Since the rough and fine beds at Leeds are together equal to an area 
of half an acre, one yard deep; this means that to secure even a temporary 
respite from ultimate destruction it is only possible to filter one million 
gallons per day over an area of twenty acres of filter one yard deep ! 

Such an area of filter would evidently be impracticable from the point 
of view of expense alone, not to mention that of area. 

When smaller areas of contact bed are used, the rate of sludging up 
on the other hand becomes equally prohibitive. 

Thus the rates of sludging up of the primary contact beds at the 
following places, are as below :— 


Total days of working Weekly rate of loss of Time in months 
various experiments. capacity as percentage when the filter 
of original water is choked. 
capacity. 
Leeds ist wee = 487 ate ane 21 ow. §«=6.:18 
Manchester... .. 220 tes see 10 vee =. 22 
London... we = 525 Sis see 13 Cis w= =619 


Averages... eee 1-4 18 
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After septic tank treatment the sludging is not so rapid, but it amounts 


at— 
Per cent. of original capacity 


per week. 
Leicester to ase ses vee bed ots 0°83 
Manchester to... 243 ate we sa 07 
and 
Leeds to ... b's vee ie van Pen 0°5 


The average of these gives 0°6 per week, and the total duration of a 
little over three years for the filter to hold anything at all. Long before 
this limit is reached the filter material would have to be renewed. 

(4) The amount of saving which was supposed to be effected by the 
disuse of chemicals in the tank has always been a powerful vis a tergo in 
helping to favour a purely biological system of treatment even in the tanks. 
This saving was made to embrace not merely the item of chemicals used, 
but also all the expenses of pumping, pressing, and removing the tank 
sludge. 

That these latter expenses are in practice by no means saved, is ob- 
vious when it is considered that from the Leeds and Leicester results only 
384 per cent. of the total suspended matter, and therefore about the same 
‘proportion (#ths) of the total sludge in an ordinary chemical system, is 
dissolved in a septic tank, while about the same proportion is still deposited 
as septic sludge.* 

In most cases where chemicals are used sparingly, say not more than 
10 grains per gallon, the proportion deposited in the septic tank would vary 
from about one-third to one-half of the sludge deposited in a chemical tank. 

This sludge has to be removed, and though on small experimental 


* The amount of wet sludge deposited by chemical precipitation appears to be no 
more, and very often less, than what is represented by the total suspended solids in the 
sewage, quite apart from the weight of chemicals added. 

This is probably due to three separate causes. (1) Where the precipitant is fairly soluble 
it of course adds little to the sludge. (2) A certain amount of suspended matter is usually 
found in an ordinary chemical tank effluent, and this would tend to counterbalance what 
was added by the chemicals. The third cause is one which I have nowhere seen discussed, 
and that is the probability that septic solution takes place almost as readily in a tank 
where moderate doses of chemicals are added as when they are absent. 

If septic solution occurs in Manchester sewage, }}ths of which is trade refuse and 
chemicals, the same solution must be admitted to occur where 10 grains of chemicals are 
added to a sewage containing 30 grains of suspended matter, and an equal or greater 
amount of dissolved matter. 


Admitting the premiss, it is plain that the sludge in a tank where precipitating 
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scales, such as have been in vogue, its removal is said not to have involved 
serious expense, it has admittedly entailed great nuisance at Leicester* and 
Leeds, and on a large scale would involve at least half the labour and 
expense of chemical sludge. 

Moreover, septic sludge is in a most unfit physical condition to be dealt 
with readily in the presses, and further, being derived by simple deposition 
of the heavier and less reducible suspended matter, and containing theore- 
tically none of the more valuable dissolved matter, it is of no manurial 
value and therefore useless lumber. 

The amount deposited in the Leeds and Leicester experimental tanks 
gives 3,596 tons of 90 per cent. wet sludge, per annum, for a daily flow 
of one million gallons. 

For a town of 50,000 inhabitants therefore, with an average daily flow 
of 40 gallons per head, or 2,000,000 gallons, the total annual quantity of 
septic sludge would amount to no less than 7,192 tons. Such a quantity, 
unless pressed and removed, would constitute a grave nuisance and danger 
to the neighbourhood. 

(4) The actual saving in chemicals moreover is more imaginary than 
real. In their endeavours to effect economy in chemicals many authorities 
have so attenuated the doses applied that they have not only damaged the 
credit of chemical treatment, but have hardly left anything to be saved. 

In the case of Manchester, with a population of 520,000, much was 
made of the great saving that would accrue by the abandonment of 
chemicals, but when the actual expenses are gone into, the saving is seen 
to be not more than £5,000 per annum, and this appears quite insignificant 
for such a population. 

That the amount in this case must be small is plain when it is under- 
stood that only six and a quarter grains of lime, and six grains of sulphate 
of iron per gallon have been used. At London, where the dose had only 


chemicals are added, would in general tend to be considerably less than that represented by 
the equivalent of the suspended matter in the sewage, plus the added chemicals, I am 
omitting the consideration of any material portion of the bulk of the chemical sludge being 
due to a precipitation of any large portion of the dissolved matters in the sewage, since 
this has glways been strenuously denied by the anti-chemical section, and its admission by 
them in this case would land them in the dilemma that the more organic material is 
removed from solution as sludge, the less is left in the effluent. - 


* At Leicester Mr. Mawbey, in his Report, says :—“ The sludge discharged from these 
tanks was so extremely offensive that the smell could not be escaped on any side, although 
there was a fair wind blowing at the time.” This is certainly contrary to what Doctors 
Kenwood and Butler allege on pp. 105-6. 
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been 3:8 grains per gallon, the cost and imaginary saving would be still 
less. 

The supposed saving at Manchester when the double contact method 
was originally proposed, was assumed to be much larger, approximating to 
the £15,000 a year which included the labour and expenses of removing 
sludge from the tanks, but as time has progressed and the experts have 
gained experience, not merely has the idea of placing raw sewage on the 
filter beds been absolutely discarded, but amongst the “later improve- 
ments” suggested in their report, they recommend the use of the existing 
tonks by which “the contact beds could be protected from receiving not 
only the mineral detritus of the crude sewage, but also as much as possible 
of the suspended organic matters contained in the latter.” They even 
went so far as to say that it would be desirable “that the sewage passing 
on to the bacterial beds should by means of these tanks be “free from 
suspended matter.” 

Surely this is a veritable bouleversement of the hypothesis with which 
they started, and an admission of the necessity for previous chemical tank 
treatment, for by no other means can the sewage be rendered free from 
suspended matter, since it is universally recognised that a septic tank 
effluent contains at least 10 grains per gallon, and sometimes, as Dr. 
Kenwood and Dr. Butler have recently shown, as much as 21 grains. 

In any case a considerable portion of the remainder of the £15,000 at 
Mauchester, represented by labour and sludge removal, would still have 
to be met even if the chemicals were disused, and if we admit a possible 
saving of £7,000, or threepence per head per annum, it hardly seems to 
justify the inauguration of a scheme which starts off with a capital 
expenditure of £487,000 and endless charges for the renewal of 92 acres 
of filters. 

Without going further into the question of the disabilities of total 
bacterial treatment, I now wish to point out that while the theory and 
practice of filtration of a tank effluent has undoubtedly been much 
improved by the various experiments, which have been made in contact 
and continuous filtration, the practical difficulties of dealing with the 
suspended solids, and the resulting sludge have not been solved by the 
bacterial hypothesis, and we are virtually brought back to preliminary 
tank treatment and to adequate chemical tank treatment as the only way 
by which the subsequent filtration can be effected without detriment to 
the filter, and on an area which would be practicable within urban precincts. 

And here we are met with the plain question: Has the chemical tank 
precipitation been fairly tried, and in what. respect has it been found 
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wanting? The real answer to this question must be sought for in the 
accepted fact that chemical tank sludge, even when pressed, has not been 
generally saleable at any price, and in the prevalent notion that it is 
incapable of being made to contain enough of the manurially valuable 
constituents of sewage to realise a good sale price. In most cases also it 
has never been prepared beyond the stage of merc pressed cake, so as to be 
practically serviceable to the agriculturist. 

Two questions are here involved: first, that the use of adequate and 
proper chemicals not merely may effect a proportionate purification of the 
tank effluent, but also a simultaneous enrichment of the resulting sludge ; 
secondly, that the final drying of the pressed cake into a poudrette may 
render it easily adaptable to the land, a point which has been overlooked by 
those who have considered that the business ended with pressed cake and 
delivery to the farmer. 

Though some persons are still sceptical in regard to the substantial 
purification effected by chemicals, it is generally admitted that the degree 
of purification ceteris paribus increases up to certain limits with the 
quantity employed. 

Dr. J. Carter Bell’s classical experiments at Salford prove this fact 
conclusively. Thus, in his paper, “On the Comparative effect of Lime and 
other chemicals on Sewage,” he says: “ With 10 cwt. of lime very little- 
purification took place, and even 15 cwt. did not give a brilliant effluent. 
It was not until 20 ewt. (15°68 grains per gallon) was reached that any 
satisfactory purification took place.” . . . . 

In the case of Sulphate of Alumina the same per saltum increase appears. 
at a rather higher point, and the general evidence of the high purification 
thus secured is so strong that I quote the table here. 


Sulphate of Albuminoid E 
Autos to “Ammonie,, ——«ovgemtage Oxon for fereantnge 
million gallons. Grs. per gall. Bee HONs © 7 uncation. 
5 ewt. .. —0°399 ee 103 ww 40 2-4 
10 ,, .. 0266 He 402... 38... 73 


15. vee 0°250 a0 438... 636. 1D 

20 ,, wee 0°238 one 405. 28 BT 

30 we 07105 saa 4 1... 10 1. 756 

40 ,, ... 0°100 is 175 wwe OK ww. TO 
Now if such a high purification as 76 per cent. can be obtained on the 
settled sewage* by the use of sufficient sulphate of alumina, KTA, it is 


* Dr. Bell made all his purification numbers from settled sewage. 
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evidently not because chemical treatment is incapable of effecting a very 
large purification that it has been labelled ineffective and obsolete, but 
owing to the assumed concomitant and unbalanced expense of chemicals. 

With their eyes set upon economy, having only one object, viz., to 
give the minimum dose that could leave the maximum permissible impurity 
in the effluent, and not caring to trouble themselves to realise the full 
value of the sludge ; the local bodies in charge of sewage works have in 
general never tried a real chemical tank process on the above scale. They 
have thus, by a false economy in materials, not merely missed the benefits 
of a real chemical treatment, chosen so as to simultaneously produce a high 
purification and a valuable sludge, but have unfortunately given chemical 
treatment a bad name. 

When a treatment dwindles down to a dose of three grains per gallon, 
as at Crossness, and is still labelled chemical treatment, and referred to by 
Dr. Clowes in his reports on Bacterial Treatment of London Sewage, as 
though its shortcomings were typical of chemical treatment generally ; it 
is high time to define limits and say what is, and what is not chemical 
treatment. 

Obviously 5 cwt. per million gallons of sulphate of alumina, producing 
only 10 per cent. purification, is not worthy of the name, and yet such a 
treatment is gravely put forward by Dr. Clowes, with its 16 per cent. 
purification in comparison with an effluent from double bacterial filtration 
which, it may be noted, gives a purification below some in Dr. Bell’s table 
of chemical tank effluents above. 

Surely it is better for the final economy by the sale of what may be 
termed residual products, to apply a generous dose in the tanks, precipitate 
all the solids within the tanks, secure a tank effluent with a purification 
of from 70 to 80 per cent., and filter once if necessary on a small area, 
than to use the same or a larger area of tanks without chemicals, and 
supplement it by two sets of filters of much larger area (four and a half 
times that in the former case), with all the sludge difficulties which have 
been already mentioned, and with doubtful results as to final purification. 

The problem has certainly been solved in one case, and before com- 
munities plunge recklessly into the extensive tank and filters required for 
entire bacterial treatment, it would be well for them to examine the 
solution which has been practically worked out for a population of over 
50,000, on a site surrounded by buildings, and bordering on a river 
promenade. I allude to the system in vogue at Kingston-on-Thames, 
with a population of 50,000. Here, if anywhere, chemical precipitation 
may be seen in its ideal form, i.e, where the solid products are absolutely 
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disposed of by sale. Hampered by no council demanding false economy, 
encouraged by the unceasing demand for the guano, the company which 
works this system puts in their special chemicals, including a large amount 
of precipitating salts of alumina with a prodigality which is fully endorsed 
by the results. 50 grains per gallon is a large quantity, but the results 
prove its wisdom. 

The materials, a modification of the original A B C mixture, have this 
unique property that they produce a purification amounting to over 80 
per cent. in the albuminoid ammonia and the dissolved organic matter, a 
complete precipitation of all suspended matter,* and a sludge which when 
pressed and dried, commands a free sale at £3 10s. per ton. 

The precipitation is very expeditious, being conducted by a continuous 
flow through tanks which only hold about three-fifths of an average day’s 
flow, and the operations are conducted on an area of only two and a half 
acres, virtually in the centre of a town and within a few feet of a public 
promenade and a bandstand. 

The tank effluent has hitherto flowed direct into the river, but to meet 
the recently increased stringency of the Thames Conservancy require- 
ments, it is proposed to erect one and a quarter acres of contact bed, three 
feet deep, of a type similar to that which has been experimented with for 
the last three years by the company. 

The actual. purification effected in the tanks alone and with the 
additional filter may be judged of by the following figures for the al- 
buminoid ammonia in the various effluents. 


Kingston— 
Albuminoid ammonia Purification 
parts per million. per cent. 
Raw sewage ... sai Sip EBPAC MQ) occ 0 ads 
Tank effluent .. i nes, BUTEA) fas a. 83 
Filtrate ies bas .. OTL (ce) ... je: 9S 


(a) A mean of hourly samples for a whole week. 


(b) A mean of two years’ frequent analyses (192) by the medical 
officer of health at Kingston, and the Company’s chemist 
during 1898 & 1899. 


(c) A mean of three years’ analyses by the latter. 


* Fifty samples of the tank effluent yielded an average of 0°09 grains jer gallon, 
which is practically nothing. 
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The experimental filter, with which the final results have been 
obtained, is filled with coke-breeze of medium coarseness, and is about 
ado th of an acre in area, and 3 feet in depth. 

Its capacity has not sensibly altered during the whole period. 
Measured to hold 1,400 gallons after the first filling, it had only 
diminished to 1,265 gallons, after two years and nine months. 

Taking the true mean capacity from four measurements, as 1,275 
gallons, it has, with six fillings per twenty-four hours, accommodated 
1,530,000 gallons per acre. But this measure is probably an under- 
estimate, and if we take the ordinary rule that initially the capacity of 
the filter was 49 per cent. of its empty capacity,* and allow for the slight 
reduction during the period, the mean capacity comes out about 1,800 
gallons for siyth acre, and thus at six fillings per day about 2,160,000 
gallons can be passed over an acre. 

The purification effected on the tank effluent at three, four, and six 
fillings per 24 hours, has varied from 66 to 70 per cent., and when the 
absence of sludging, due no doubt to the entire absence of suspended 
matter, is taken into consideration, I think the results are unequalled for 
economy of area, material, and purification. 

Turning to the sludge, we find that what is usually the drawback to all 
precipitation schemes is converted into an innocuous material, which is sold 
as fast as it is produced ; and there is every evidence to show that the sale 
has been effected chiefly to old customers and with little advertisement. 

That there is no nuisance attendant upon the normal working of the 
process may be gathered from the recent report made by Prof. Wanklyn, 
after a detailed examination of the works at Kingston, in which, while 
referring to certain surrounding causes of nuisance, he entirely exempts 
the sewage works. 

When the question of price is considered, I think this particular 
system of precipitation and filtration will be found to compare very 
favourably not merely with existing precipitation schemes, where the 
chemicals are ordinarily attenuated because there is no chance of partly 
repaying their cost by the sale of the sludge, but also with what will be 
the probable cost of purely bacterial schemes when the capital cost of 
works, filters, and land, and the renewal of filters and removal of septic 
sludge are properly allowed for. For example, to take the annual cost of 


* This is a rule which follows from all the recent leading filter measurements at 
Leeds, Leicester, Manchester, and London. 
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the treatment alone, I find upon examination that while the average annual 
expenses of treatment and disposal at nine other principal places in the 
Thames basin is 2s. 2d. per head of population, the sum paid to the 
Company by the Kingston Corporation is only 1s. 63d. 

It would seem, therefore, from every point of view, that before a blind 
rush is made into bacterial systems, and chemicals are relegated to a back 
shelf, a careful investigation should be made of what appears to be a 
happy combination of chemistry and bacteriology, in which each science 
is made to contribute towards the total result exactly that component in 
which it is able to work to the greatest advantage. 
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BACTERIOLOGICAL INVESTIGATIONS 
OF SUSPECTED CASES OF PLAGUE, 
INCLUDING A CASE OF ANTHRAX. 


By WILLIAM G. SAVAGE, B.Sc., M.D.(Lond.), D.P.H. 
(MEMBER), 


Bacteriologist to the Cardiff and County Public Health Laboratory ; 
Lecturer on Bacteriology, University College, Cardiff. 


URING the last twelve months I have had occasion to examine a 
number of cases of suspected plague. Only two of them had any 
possible connection with one another. Two of these cases turned out to 
be true cases of plague, and one a case of anthrax. The latter is of 
considerable interest, and my object in writing this paper is mainly to 
describe this case and to draw attention to the value of bacteriological 
investigation of obscure cases, and at the same time to describe briefly 
the other cases examined and the methods I adopted for this purpose. 

In investigating suspected cases of plague, the method I have in- 
variably used is to collect some of the fluid from the bubo, if there is a 
bubo, in a sterile hypodermic syringe, and also some of the blood from a 
finger in ordinary sterile glass pipettes. If there is any: expectoration 
some can be collected in a sterile bottle, but I have not met with a case 
of this type. In several instances I have also made coverslip preparations 
at the bedside, from the blood and bubonic fluid, but this is hardly 
necessary for diagnostic purposes, though it may suggest a diagnosis, and 
at an earlier stage. In every case I have used the same method to sterilize 
the skin. The facilities of a hospital are not usually available, and for 
this purpose I have found the easiest method is to wash the skin with a 
little soap and water, then thoroughly swab with a 1 in 500 solution of 
corrosive sublimate. Subsequently all antiseptic is got rid of by again 
thoroughly swabbing with absolute alcohol. 
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I found it very convenient to keep everything ready in a basket kept 
specially for this purpose, so that a start could be made for the case 
within about half-an-hour after receiving the message. Basket and 
contents could be thoroughly steamed and disinfected on returning to 
the laboratory. The whole outfit consisted of the following: A basket 
containing two small glass cylinders with tightly-fitting glass stoppers 
and of equal diameter throughout, one filled with 1 in 500 corrosive 
sublimate and the other with absolute alcohol (both also contained sterile 
wool soaking in the fluids); a sterile plugged empty large test tube; a 
small spirit lamp; a lancet-shaped needle in wooden case; a platinum loop 
for inoculating ; a few sterile glass pipettes in a test tube; a paraffin pencil 
to mark on glass; and three agar slope sterile cultivation tubes. A 
petri-dish containing a-number of clean dry coverslips was also kept in 
the basket. A few tabloids of corresive sublimate should also be added, 
so that the bacteriologist can disinfect his hands after collecting the 
material from the patient. Immediately on being asked to examine a 
case, an ordinary hypodermic syringe with asbestos piston, and a pair of 
forceps were boiled for a quarter-of-an-hour, and then both put into the 
large sterile tube. The outfit was then complete and a start could be 
made at once. 

It is important for the bacteriologist to have everything he may 
require with him, because the patients are usually in private houses, 
probably of the poorer classes, and nothing in the least out-of-the-way 
is obtainable. In the case of a bubo being present, as was usually the 
case, the hypodermic needle was thrust into it, after thorough sterilization 
of the skin, and a little fluid removed. In all the cases only a few drops 
could be obtained. This was at once injected over the agar of two of the 
agar slope tubes, a little, if possible, being left in the barrel of the syringe. 
A finger was then sterilized and pricked by the needle previously sterilized 
by the flame of the spirit lamp. By means of the platinum loop the third 
agar tube was inoculated from the exuding blood, then some of the blood 
was collected in the sterile pipettes, and in several cases coverslip prepara- 
tions were made direct from the blood. These were dried and fixed at 
once in the spirit-lamp flame. The media tubes were at once labelled and 
the basket was returned as soon as possible to the laboratory, and the 
agar tubes incubated at blood temperature. The residue of fluid in the 
barrel of the syringe can be used for making films or for immediate 
inoculation in animals. 

In regard to the examination of the blood of these cases, it is probably 
of but slight value, except in the septicemic variety, but it may yield 
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confirmatory evidence, and it is certainly important to collect some, in 
order to test its agglutinative action with young cultures of B. typhosus, 
and so exclude, if possible, enteric fever. 

The cases investigated were the following :— 

Case I.—This case occurred early in June, 1900. The patient was a 
sailor who had been taken rather suddenly ill. He was notified as a 
possible case of plague. When I saw him he was not very ill. He hada 
temperature slightly over 100° C., but with no marked constitutional 
disturbance. He presented a bubonic swelling in the right groin, which 
was but very slightly painful on manipulation, about the size of a walnut. 
Fluid from this bubo and from the blood, investigated as described above, 
respectively showed no growth. He soon became quite well. This was 
certainly not a case of plague. 

Case II.—This was an undoubted case of plague, which occurred in 
September, 1900. This case was fully reported in the British Medical 
Journal, October 22nd, 1900, and so only the briefest reference is here 
necessary. The patient was a sailor from Rosario, who was taken ill during 
the last few days of September. When I saw him on October 2nd, he 
presented a well-marked bubo in his right groin. Cultures made from this 
showed well-marked growth, and I was enabled to give, 184 hours after 
seeing the case, a diagnosis pointing strongly to the case being one of 
plague. The inoculation experiments and the result of the post mortem 
completely confirmed the diagnosis. 

Case III.—This was a case notified in November, 1900, as possibly 
one of plague infection. It occurred in the Penybont district in. Glamor- 
ganshire. The patient had a left axillary swelling, painful and tender, 
and some constitutional symptoms. Cultures from blood and bubo quite 
negative. This case showed no particular feature of interest. The 
glandular swelling was probably due to injury. 

Case IV.—This was a very interesting case. On December 31st, 
1900, the cook of a steamer was removed to hospital with symptoms which 
justified his removal for observation on suspicion of plague. The vessel 
had arrived from Dublin, and had previously called at Naples and at 
Kustendji, a Black Sea Port. He exhibited considerable constitutional 
disturbance with well marked rise of temperature. When I saw hima 
day after removal to hospital, he had a well marked somewhat tender 
swelling in the left inguinal region, and much smaller, and not, or but 
very slightly, tender glands in the right groin and in both axille. 

Cultures made as before from the left inguinal bubo and from the 
blood, but all remained sterile, and the coverslip preparations made direct 
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showed no bacilli. The man slowly improved. This was very possibly a 
case of syphilitic infection. 

Case V.—This was the second undoubted case of plague, and as it is 
of considerable interest and has not been recorded, it merits a more 
detailed description. The patient was a man who had been working at 
the Cardiff Docks. He became ill on Saturday, January 26th, 1901, and 
rapidly became worse, being too ill to go to work on the Monday. I saw 
him on January 29th about 5.0 p.m., with his medical attendant, and with 
Dr. Walford, the Medical Officer of Health, Cardiff. He was then 
obviously very ill and had a high temperature (about 104°F.), but 
perfectly conscious, and answered questions readily. He was very short 
of breath, with an intensely hot burning skin. Some cough present, 
but no expectoration could be obtained. In the left axilla was an en- 
larged, inflamed, and very tender gland. No other enlarged glands were 
present. No abrasions on either arm. 

The conclusion we arrived at in consultation was that he was suffering 
either from plague or typhoid fever, very possibly the former. 

Material was collected in the usual way. The cultures were, as soon 
as possible, incubated at blood temperature, and inoculation experiments 
were performed. The blood tested for agglutinative power with a young 
broth culture of B. typhosus showed no clumping or cessation of move- 
ment, and so no bacteriological evidence of typhoid fever. 

The cultures grew very slowly, but forty hours after the samples were 
collected I was enabled to report that the bacteriological evidence pointed 
very strongly to the case being one of plague. This was completely 
confirmed by inoculation experiments. 

This man had been working at the docks at a mill where rats had 
- been dying in large numbers. Attention was directed to this as a probable 
etiological factor, and examination of some of the dead rats from this mill 
showed conclusively that some at. least had died of plague infection. A 
large number of rats in all were examined, but in rats from this particular 
mill only was evidence of plague infection obtained. This case, compared 
with the other positive case, shows several points of interest. 

In both cases the men were obviously very ill. Both cases were of the 
bubonic type, and in each there was only one enlarged bubo. In the first 
case the bubo was in the inguinal region, and in the second in the axillary. 
This probably corresponds with a difference of local infection, thus in the 
first case the patient was a sailor working with bare feet, and probably 
infected in this way, while the second was a dock labourer who had been 
handling infected rats, and was probably infected through the upper limb. 
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In the second case the bacilli grew distinctly more slowly than in the 
first case, so that a diagnosis was not so rapidly possible. Its inoculation 
effects were also decidedly slower. 

The plague bacilli isolated from an infected rat seemed to be 
more virulent than those of the human cases (comparable conditions 
were not maintained however), and inoculation from the spleen juice of 
the dead rat proved fatal to a well developed rabbit in less than forty 
hours. In this inoculated rabbit, and also in an inoculated guinea pig, 
the only two animals in which the urine was examined, B. pestis was 
cultivated in pure culture from the urine obtained at the autopsies made 
immediately after death. This fact points to a very obvious source of 
infection with infected animals. 

CasE VI.—This case was examined a few days after the one just 
described, and was part of the same outbreak. He was a man who had 
been working at another mill where rats had been dying freely, and he 
had been carrying them to the furnace for destruction. When seen by 
Dr. Walford late on February Ist, he complained of feeling very ill, with 
severe headache, prostration, and nausea. Pulse rapid and temperature 
103° F. He complained of extreme pain and tenderness in the left axilla, 
and on examination swollen and painful axillary glands were found. He 
was sent to the hospital for observation. I saw him early next day. In 
the left axilla was a large, reddened, very tender lymphatic gland. Over 
the olecranon process on that side there was a very tender, bright 
red area, which showed some tendency to break down. Running from 
this to the axillary glands was a red line of inflamed lymphatics. The 
commencing abscess over the elbow joint seemed to offer an obvious 
explanation of the case, but in view of the other case of plague, and the 
history of handling dead and probably infected rats, a bacteriological 
examination of the enlarged gland was made. No growth resulted, and 
the case was undoubtedly not one of plague. He rapidly recovered under 
treatment and was discharged cured. 

This case is of considerable interest as the glandular condition was 
almost identical with that of case V. who had died a few days previously, 
while the patient had severe constitutional symptoms and had been 
handling rats. The finding of a probable cause in the olecranon condition, 
however, tended very considerably to negative plague as a cause. | 

Case VII.—This case was seen on April 24th, 1901. He was a dock 
labourer who had been working at a wharf at Cardiff, unloading a general 
cargo from a steamer which came from Baltimore to Cardiff via Belfast. 
The man lived in a very poor neighbourhood in Cardiff. He was seen 
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early in the day of April 24th by his medical attendant. He was then 
very ill, and had been ill for about three days. He presented considerable 
swelling of the skin over the upper part of the chest, especially on the 
left side, and also of the front and left side of the neck. There was a 
small discharging sinus in the upper and left side of the chest. A history 
was given of very great swelling of these parts and of a copious discharge 
from the sinus. The man died early in the afternoon. I was asked to 
see him on the supposition that it might be a case of plague infection, or 
some other acute infectious condition, possibly from the grain which the 
man had been assisting to unload. 

When seen at 5.0 p.m. the same day there was considerable, fairly 
firm, swelling of the left side of neck and upper part of chest. The sinus 
was not now discharging. There was no sign of any central eschar or 
surrounding vesicles, and the post-mortem external appearance did not 
suggest anthrax. On sterilizing the skin and incising it with a sterile 
knife over the extensive swelling, this was found to be due to a well 
marked very gelatinous exudation. Some of this was drawn up into a 
sterile syringe and agar tubes were inoculated. Coverslip preparations 
were also made direct from the exudation. In these coverslip preparations, 
and in all the culture tubes, bacilli, with the characters given below, were 
found. All the cultures showed a pure growth. The bacillus isolated 
had the following characters :— 

Morphology.—A large bacillus mostly in chains. Many have square 
ends. Retains the stain well when stained by Gram’s method. 

Motility—A drop of broth culture examined for motility showed 
chains of motionless bacilli. 

Spores.—F ound abundantly in agar cultures incubated at 37° C. for 
twenty hours, or at room temperature for two days. 

Agar Slope—Abundant growth with wavy edges. 

Broth.— Abundant growth of flocculent material in thread-like masses. 

Gelatine Slope.—Thick white felted growth with rapid liquefaction. 

Gelatine Stab—Growth along tract of needle with funnel formation 
and liquefaction. Spiking was not observed, but 14 per cent. gelatine 
was used owing to the warm weather. 

Potato.—Thick white growth. 

Anaerobic Growth.—No growth obtained with inoculated glucose broth 
kept at 37° C. for two days in Buchner’s tubes. 

Surface Agar Plates.—Rapid growth of large colonies quite typical of 
B. anthracis, t.e., characteristic wavy appearance (medusa head). 

Inoculation.—1 c. c. of a young broth culture inoculated subcutaneously 
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into thigh of young rabbit. Animal ill next morning (eighteen hours 
after inoculation) and died about twenty-four hours from time of in- 
oculation. 

The autopsy showed gelatinous exudation at site of inoculation. 
Coverslip preparations from this showed only a few bacilli. The spleen 
was considerably enlarged, and subcultures from spleen, liver, and heart 
blood, yielded pure cultures of the bacillus described above. Coverslip 
preparations from the same sources showed numerous bacilli. It was also 
obtained in pure culture from the peritoneal fluid. 

There can be no doubt that the bacillus isolated was the Bacillus 
anthracis, and that the case was one of anthrax infection. 

This case presents several points of interest. In the first place it 
illustrates the great importance of the bacteriological examination of 
obscure cases. The man was only seen medically a few hours before death, 
and no diagnosis could be made. If no investigation had been made, in 
all probability no precautions would have been taken, and a large amount 
of infected material left undisposed of. In cases of ordinary anthrax with 
no discharge, this is not such an important matter as might at first appear 
because, as is well known, the bacilli rapidly die and spores are not formed 
in the unopened body. In this case, however, there was a discharging 
sinus, and the risk of infection was great. 

Lastly, the method of infection in this case is quite obscure. The 
most natural and probable explanation would be that the man had been 
carrying infected hides, or other specifically contaminated material, and 
had so infected himself. It was ascertained that he was accustomed to 
carry burdens on his left shoulder. Very careful enquiries were at once 
set on foot, but no history could be obtained of his having been in contact 
with any cattle, sheep, skins, hides, or wool. On the steamer which he had 
been unloading no case of illness had taken place during the voyage, and 
no animals were at any time on board. Finally, no other cases of anthrax 
could be traced, either antecedent or subsequent. 
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THE OFFICIAL HYGIENIC AND 
SANITARY INSTITUTIONS IN SPAIN. 


By Prof. and Dr. ANGEL de LARRA y CEREZO. 


(Honorary FELLow.) 


F I intended writing all that comes to my mind in connection with 
hygiene in general, or in reference to sanitary institutions in Spain, 
I should fill many hundreds of pages, as the material is abundant, 
and much has been done in my country notwithstanding its relative 
neglect in the past century. During that time Spain did less for the 
benefit of public health than other European nations, owing to certain 
social conditions, such as civil and international wars under which the 
country was suffering; commencing the century by the war of indepen- 
dence against Napoleon, and ending the same by two frightful campaigns 
at the same time, both at a distance of many thousand miles from the 
Motherland, and in different parts of the globe as far from each other as 
America and Australia. 

With the same sincerity with which I confess that there exist certain 
hygienic deficiencies amongst us—although not in such a number as many 
critics might think—I declare, not from patriotism, but from a sense of 
justice, that it would be difficult to find any other country in the financial 
and moral conditions of our own, having endured enough contretemps to 
-ruin her, although fortunately without doing so, that has dedicated so 
much study and attention to public health; a study which requires for its 
care and perfection a brilliant financial condition, a complete internal 
tranquility, and a clearness of judgment, exempt from all serious pre- 
occupations such as problems of national importance necessitate. 

But as the subject on which I was asked to write by the Secretary of 
“The Sanitary Institute,” a famous English corporation to which I have 
the honour to belong, restricts my work within a certain limit, I shall try 
to contract what I have to say into a few pages, for the benefit of English 
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hygienists, who are our principal sanitary leaders, regretting the impossi- 
bility of my giving an idea of the climatic conditions of the Peninsula 
which are also of great interest. 

The principal sanitary authorities and directing centres of these are 
three :-— 

I.—In the civil order a Director-General of Health, Doctor of 
Medicine, a high post appointed by the Ministry of the Interior, who occu- 
pies himself with everything relating to sanitary affairs in the interior’, 
assisted by the sanitary medical directors of the sea-ports, physicians 
of first class mercantile ships, nominated by the Government for the 
occupation of these situations, and by those charged with the duty of 
sanitary inspection on the frontier, when epidemics in neighbouring nations 
make it necessary for them to render their services. The Interior Sanitary 
Authority is formed (a) by Provincial Inspectors f and Municipal Officers 
of Health, (5) by Medical, Pharmaceutical and Veterinary Sub-Delegatest, 
one of each class for each judicial district, (a certain number of towns in 
the largest of which, called ‘cabeza de partido,” reside a supreme judge 
and the above-named delegates). The number of these districts is 500, 
distributed over the forty-nine provinces of Spain, and officered by the 
physician, municipal apothecaries, inspectors of meat, and veterinary 
inspector of the respective towns, (c) the committee of general benevolence 
(hospitals and establishments of the Government and not of the province 
or of the municipality), (d) the physicians of watering places, and of 
mineral water establishments. As these places are so abundant in Spain, 
they constitute a therapeutic sufficiency; the number of these physicians 
is more than 100, their mission being not only to superintend the treatment 
of the sick, but also to direct and look after the hygienic state of the places, 
the number of which reaches 150, with great variety of springs: mercurial 
waters, bi-carbonate, carbonic, arsenic, sulphur and lime springs, etc., etc. 
The hygienic sections of the different towns are under the direction of the 
Governors of the same; and under the superintendence of the mayors 
are the local disinfection institutions, those for analysis of food, etc. 
As a National Institute of Hygiene exists in Madrid, connected with 
which is the Section of Vaccination (besides a great number of vaccina- 


* A new regulation about this was issued on the 27th October, 1899, in conformity 
with the resolutions taken by the International Conferences of Paris, Dresden, and 
Vienna. 

t Created in 1892. 

} Details given in the Royal Decree of the 24th of July, 1848. 
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tion institutes distributed throughout the country) at the head of which 
is the notable bacteriologist and professor of the University of Madrid, 
D. S. Ramon y Cajal. Another institute of hygiene and vaccination sup- 
ported by the city of Barcelona is also worth being mentioned, its director 
is the well-known histologist, Dr. J. Ferran. 

IIf.—The military sanitary section of the War Office, is taken charge 
of by a general surgeon (inspector of second class) on whom depend : 
(a) The Institute of Military Hygiene, a scientific and important Institu- 
tion which possesses abundant material, good laboratories, forms part of the 
same department of vaccination which latter furnishes the virus carefully 
prepared for the use of the army. (6) The Medical Military Academy 
for the instruction of the officers of the sanitary corps in which great 
attention is paid to everything in connection with the health of the Army. 
The study of Military Hygiene is one of great importance, and the 
Academy contains laboratories where the medical students are engaged in 
the practical study of bacteriology and chemistry in their various applica- 
tions. The curriculum also includes the hygiene of the soldier in times of 
war and in times of peace, his food, lodging, dress, physical exercise, etc., 
and in the different years of their career the students have explained to 
them national sanitary legislation in comparison with that existing in 
other European countries. They are also taught the use and application 
of the sanitary materials and the medical services in general, thus trying 
to make of these sanitary officers a body of military hygienists. (c) A 
Sanitary Museum which is still in its formation. In which a place of 
preference is given to hygiene. (d) A centre of disinfection, for the 
purpose of rendering service not only in the barracks and military estab- 
lishments, but also in the private houses of any officers who may be in 
need of it. The department, which has a complete installation of both 
fixed and movable apparatus, is independent from the stock of disin- 
fecting material existing in all the principal hospitals. The ‘“ Nosocomio” 
of Madrid may be considered as one of the best in the World, as in it 
the latest improvements concerning construction and installation have 
been carefully taken into consideration. 

III.—The Board of Health of the Navy with a Director who is 
Inspector General (with the grade of a rear-admiral) who gives especial 
attention to the hygiene of vessels, arsenals, and hospitals for the army and 
navy; several offices situated in the Ministry of Navy, under the direction 
of physicians of the corporation, attend to these necessary and importai.t 
questions. 

It is not necessary here to enumerate the thousands of beneficial and 
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sanitary institutions existing in Spain, nor even to name the principal ones 
in Madrid, but in Madrid alone there are several of each kind which are 
older than those of the same class in the rest of Europe; nor is it necessary 
in this little sketch to speak of the study of Hygiene in the universities, 
institutes, schools for professors of both sexes, and military academies, 
where to a certain extent it is taught, but at least we must name the 
principal establishments of consultation to which the Government applies 
in matters of public health and hygiene in general. 

In the first place we find The Royal Sanitary Council (“Real Consejo de 
Sarridad”) which meets in the bureau of the Minister of the Interior. It 
was created two centuries ago, on the 18th of September, 1720, under the 
name of The Board of Health and took the name it now has, by a Royal 
decree of 17th March, 1848, and was confirmed by the regulation of 
12th October, 1875. It not only attends to those questions which are 
submitted to its examination by the Minister, but can by itself study and 
propose to the Government whatever sanitary measures it may esteem 
convenient. Their sessions are presided over by the Minister of the 
Interior, their vice-president is a man of science (at the present time the 
Senior of the Faculty of Medicine, also President of the Medical College) 
and he has amongst his assistants, together with the civil sanitary inspector, 
a director of the Body of Military Health, who is the Inspector General of 
Health of the Navy, also representatives of the faculties of Medicine, 
Pharmacy, Veterinary, Military and Civil Engineers, Architects, Members 
of the Royal Academies of Medicine and Fine Arts, physicians of the 
principal watering places, and also a policy well up to date in matters of 
sanitary legislation. 

The Royal Academy of Medicine also reports on various occasions 
concerning questions of hygiene and salubrity, as the most eminent 
hygienists form part of this board. 

Although it is not considered as an official establishment, the Spanish 
Society of Hygiene, established in Madrid, has a general character equal 
in many respects to “The Sanitary Institute.’ It may be considered 
also as a consultative board of all questions of public health, taking 
part by discussions in giving information of great value, very often 
followed up by the Government or the City Authorities in the many 
problems of importance which arise about salubrity and epidemics in 
Spain. It is constantly distributing hygienic pamphlets, awarding prizes, 
giving advice, and in a simple and clear way within the comprehension 
of the general public, bringing to their knowledge every year the 
result of the discussions on subjects of transcendental importance in 
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hygiene. Certainly this Society has done very much for the develop- 
ment of this branch of social modern science in its twenty odd years of 
existence. 

There is also, in the Committee of War consultation, constituted by 
generals of the different arms, a separate group consulted in medical 
questions in the army presided over by a medical inspector of 2nd class 
(general of brigade). In the same way a sanitary inspector general, with 
the necessary assistants, forms part of the Committee in reference to the 
Navy. 

The Sanitary Legislation in Spain is fairly complete. There exists 
not only a special sanitary Law, dated the 28th November, 1855, amended 
on 24th of May, 1866 (with some bills issued not later than 1888 and 
1899) and various regulations which it would be too long to point out, but 
also the Municipalities are governed by special regulations known as 
“municipal ordinances” which devote many articles to hygiene and 
sanitary policy, and regulate the greatest part of the sanitary questions in 
the city, in the street, house, etc., in short, in the hygiene of the population. 
It is a great pity that these regulations are not always carried out with due 
exactness, though in some points they require a thorough reform, and 
application of the latest scientific progress. 

The provincial and municipal sanitary committees carry out the 
legislative prescriptions and clear up every doubt which may arise. The 
provincial and municipal sanitary committees, as their name implies, are to 
intervene in questions of hygiene within the limits of their administrative 
power. 

_ The provincial Committees are formed by the Civil Governor as 
President, a provincial Deputy as Vice-President, and the following 
assistants: The Mayor of the City, the Harbour Master in case of a 
seaport, an architect or a civil engineer, two physicians and two apothe- 
caries, the principal chief of the army or navy board of health, the 
military chief appointed by the Captain General, a veterinary surgeon, 
and three citizens representing property, commerce and industry, the 
physician of the port and the director of the hygienic or disinfection 
laboratory. These Committees were formed on the 6th of July, 1841, and 
are appointed by the Minister of the Interior. 

In the same year the Municipal Sanitary Committee existing in every 
city of more than 1000 inhabitants, and appointed by the civil governors 
of the province, were created. The president is the Mayor, and the assis- 
tants, a physician, an apothecary, a veterinary surgeon, three citizens, the 
Director of the Municipal Institute of Disinfection, or of the laboratory. 
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The secretary is a physician. They take part in all sanitary matters 
within the municipal limits, the same as in those which may arise re- 
lating to insalubrious houses, industrial establishments, work-shops, 
slaughter-houses, poultry yards, cemeteries, water-works, marshes, etc., 
in connection with general causes of mortality and the means of avoiding 
or diminishing them. 

As a complement to the preceding notes about the actual state of the 
public official hygiene in Spain, I would have liked to add a few general 
ideas as to the climatic conditions and the normal life in the Iberic 
Peninsula as a country in which the national hygienic conditions are so 
varied, for within its territory there are heights and places of such a 
different aspect, temperature and hygrometric conditions, that in a distance 
of less than a hundred kilometres from the regions of perpetua! snows, 
there are some parts of Spain where their mild climate and little thermo- 
metric changes are equal to places in the Tropics. 

But as I was only requested to give some explanation on the preceeding 
subject, I beg to close this simple work. 
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AN EXAMPLE OF THE PROTECTION 
AFFORDED BY INOCULATION WITH 
HAFFKINE’S PLAGUE PROPHYLACTIC. 


By BH. L. HUNT, M.R.C.S.Eng., L.R.C.P.Lond., 


Government Inspector of Anti-Plague Inoculation, Bombay Presidency, 
Plague Research Laboratory, Parel, Bombay. 


HE following example of the advantage to be gained by the using of a 

protective vaccine against bubonic plague may be of interest. 

In the early part of February, 1900, while acting for a few days as 
district plague officer in the Colabla ward, Bombay, my attention was called 
to several cases of bubonic plague occurring in a chaw] in that ward. 
From Dr. Ajani, sectional medical officer of the ward, I learned that many 
of the people living in this chawl had been inoculated by himself against 
plague within the preceding six or seven weeks. Qn our visiting the 
chawl and making inquiries among its occupants, the fact that all the 
cases were occurring among the uninoculated was at once evident. 

Chancing to meet Mr. Haffkine a day or two later I mentioned to 
him what had been observed, and he expressed a wish to visit the chawl. 
Accordingly we went there in the course of the next few days together 
with Dr. Ajani, whose acquaintance with the people and knowledge of 
the language enabled us to obtain sufficient information to make us think 
it worth while to fully investigate the little localised epidemic that was 
occurring in this chawl. Mr. Haffkine kindly pointed out what informa- 
tion it would be necessary to obtain in order to make the investigation as 
complete as possible. Dr. Ajani and I accordingly carried out the sugges- 
tions of Mr. Haffkine, the information we sought about each occupant 
of the chawl being as follows:—The names, sex, age, general health, 
occupation, amount of time spent in the chawl and room in which the 
occupant lived at the time of the epidemic; whether inoculated against 
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plague before the epidemic; whether attacked by plague, and, if so, 
whether the patient recovered or died. 

In the case of those who stated that they had been inoculated 
against plague, their statements were verified by turning up the duplicates 
of their inoculation certificates in Dr. Ajani’s inoculation register. All 
the duplicates were discovered, and the date of inoculation, dose given, 
and brew used, were found in the register and recorded. It appeared 
that all the protected had been inoculated between December 18th, 1899, 
and January 29th, 1900. The protected woman, mentioned below, who 
was attacked with plague had been inoculated on December 18th, 1899. 

In the case of those who suffered from plague, full particulars were 
obtained from the Stewart Strong Plague Hospital, Colaba, to which they 
had been sent; save in one instance where the patient died in the chawl; 
he, however, was seen while suffering by Dr. Ajani, who recorded that 
the patient was unconscious and had two femoral buboes. 


Sketch of the Chawl and its surroundings. 


S$] 8 | 
Open space. Prives 
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All the cases occurred between February 1st and February 12th, 
1900. All the inhabitants, except four, were seen alive either at their 
home or in hospital. Of:the four (one protected, three unprotected) not 
seen, three had left for Poona, and one, a beggar, had wandered to 
another locality ; none of these four had been attacked with plague. 

All the particulars ascertained at the investigation concerning the 
occupants of the chawl, together with copies of the hospital notes of the 
patients, of their temperature charts, and of their duplicate inoculation 
certificates, can be found in Mr. Haffkine’s report to the Government 
of Bombay dated August 9th, 1900. 

The chawl in question was occupied by a class of Hindus known as 
Mangs—a low caste—and contained ten rooms, which were all of about 
the same size, some 8ft. x 8ft. Five of the rooms backed on to the 
other five, the front and back rooms being divided from each other by 
bamboo and mud partitions that.reached, not to the roof of the chawl, but 
some 7 ft. high. There was an opening in the partitions between four 
pairs of front and back rooms, these eight rooms thus communicating 
directly, while the partition between the fifth pair of rooms was complete. 
The floor of the chawl was raised some eight or twelve inches off the 
ground. 

As will be seen from the above plan the chawl faced on to a cattle 
shed, only a few yards separating the two, while at the back of the chawl 
was an open space separating it from a private bungalow; at the east end 
of this open space, at the back of the chawl, were situated some privies. 

« In a line with the chawl was a somewhat similar but larger one, 
occupied by a class of Hindus known as Gaolies, of higher caste than the 
Mangs, and owners of the cattle that lived in the cattle-shed opposite the 
two chawls. 

Beyond the cattle-shed is a Parsi Fire Temple, while to the east of the 
buildings lies the sea, and to the west a road, on the other side of which is 
a high wall. 

The Gaolies who inhabited one of these chawls moved out of their 
rooms and lived in the cattle-shed opposite, when they noticed that rats 
were dying in their rooms, This death of rats and exodus of people took 
place after the Mangs, among whom the epidemic occurred, began to 
suffer from the plague. There was no plague among the Gaolies, and 
only one family of them had got themselves inoculated. 

Dead rats were also found in the Mangs’ chawl, and were seen by 
Dr. Ajani at the time that it was demolished, after the occurrence of the 
plague among its occupants, . 


oe eee ee ee. eee 


152 Protection by Inoculation with Haffkine’s Plague Prophylactic. 


In order to estimate the protective power of a vaccine, it is necessary 
that the persons protected with the vaccine should be under conditions 
similar to those under which the unprotected persons exist. 

An essential condition is that both classes, protected and unprotected, 
should have been open to the infection of the disease, against which one 
class has been protected by the vaccine, at the same time. 

The particulars that follow go to show that all the occupants of the 
chawl, save six, were open to infection: that is if it be allowed that 
persons living in a small room some 8 ft. by 8 ft. in which a case of plague 
exists are exposed to infection. 

Now all the occupants were of the same class, and lived in the same 
manner and under similar conditions. Cases of plague occurred in rooms 
2, 3, 4, 5, 6, 7, and 9; so we might exclude from the comparison the 
occupants of rooms 1, 8, and 10, in which no case occurred. As, however, 
room 8 communicated directly with room 3, and very possibly the occu- 
pants of the two rooms were in close communication, it would be better to 
include in the comparison the occupants of this room. 

The ten rooms of the chawl were occupied by sixty-one persons, and of 
these sixty-one persons, rooms 1 and 10 contained eight, of which three 
were protected by inoculation and five were not. 

We need only consider the fifty-three persons who occupied rooms 2 to 
9, inclusive. 

These fifty-three persons comprise twenty-one protected and thirty- 
two unprotected. Considering first the twenty-one protected :—It was 
found that of these sixteen had no occupation to take them away from 
home during the day, while five, having daily occupation away from home, 
only came home for the night. 

Looking now at the thirty-two unprotected :—It was found that of 
these sixteen had no occupation to take them away from home during the 
day, while sixteen, having daily occupation away from home, only came 
home for the night. 

The sixteen protected and the sixteen unprotected that had no daily 
occupation away from home may be considered to have been living under 
similar conditions, and those of them that were attacked to have been 
infected at the chawl in which they lived. 

The incidence of plague among these two groups was as follows :— 

The sixteen protected had one case that recovered. 

The sixteen unprotected had nine cases with six deaths. 

Of the five protected individuals who went to work during the day and 
only lived in the chawl at night, three worked at the Colaba Military 
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Depét, one was a cart driver, and one was a beggar; among these five 
there were no cases of plague. 

Of the sixteen unprotected individuals who went out to work by day 
and only lived in the chawl at night, ten worked at the Colaba Military 
Depot, six of these were attacked; two worked at the Colaba Barracks, 
neither was attacked; one was an ayah, she was attacked; one was a 
butler, he was attacked; one worked iu the Gun Department of the 
Army and Navy Co-operative Society, he was attacked ; one was a beggar, 
and he was attacked. 

Among the workers at the Colaba Military Depét, except for the six 
cases which occurred among the inhabitants of this chawl, no other cases 
of plague had occurred at the time these six were attacked or in the 
previous month. 

Similarly, the case mentioned above as having occurred in a worker at 
the Gun Department of the Army and Navy Co-operative Society was the 
only case that took place among the workers of that department. 

There was no plague in the house where the butler who was attacked 
served. 

No information about the ayah’s place of work was obtained. 

From the above it appears that the source of infection that gave rise 
to the ten cases that occurred among those who went out during the day 
existed in the chawl where they slept at night, and hence that both the 
five protected and the sixteen unprotected who only spent the night at 
home, were open to the same infection. 

To sum up, then, one may say that, of fifty-three persons living under 
similar conditions and all exposed to infection, twenty-one were protected 
against plague and thirty-two unprotected. Among the former there was 
one case of plague that recovered, while among the latter there were 
nineteen cases, twelve of whom died. 

The only difference of importance between the two classes was that 
one had been protected against plague by inoculation and the other had 
not. 

One may, therefore, ascribe the small incidence of plague among the 
protected to their having been inoculated with Haffkine’s plague prophy- 
lactic. 

Had the protected suffered in the same proportion as the unprotected 
they would have had some twelve cases with seven or eight deaths. The 
percentage in favour of those protected by inoculation in the matter of 
plague cases was, therefore, over ninety; for eleven cases out of a possible 
twelve were prevented from occurring. 
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The following analysis shows the attacks and deaths among the males 
and females of different ages :— 


| Protected Males Num 
Age. or or of Attacka, | Deaths. 
\ Unprotected. Females. Persons. | 
Male ...........- | 2 — - 
Birth up to Protected: ssesrsiyés Female ......... 2 — - 
Years | Unprotected ...-| Female’ ww} 4 r | 
Male ..........0 4 _ - | 
10 years up EROLeCtOG aicetete Female ......... 13 1 a2, 
to years | Unprotected... Female | 8 ih) 
‘ Male ou... _ - 
Protected ......... 
yer . 50 years ac easeseets — _— _ 
‘ and over | Unprotected ...... nan da toes ae 


This shows, for the unprotected, seven cases with two deaths among 
eleven‘children up to ten years of age; and twelve cases with ten deaths 
among twenty persons of ten to fifty years of age. 

From this it would seem that children are slightly more susceptible to 
the disease, but decidedly more able to withstand it when attacked, than 
older persons. 
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LECTURES TO SANITARY OFFICERS. 


CALCULATIONS, CUBIC MEASURE- 
MENTS, VENTILATION, WARMING, 
AND LIGHTING. 


By W. C. TYNDALE, M.Inst.C.E. 


(FELLOW. ) 


First Lecture, delivered March 11th, 1901. _ 


EALING first with the subject of Calculations and Cubic Measure- 

ment, the lecturer said that the subject comprised five sub-heads, 

namely, Enumeration or Counting; Calculation or Reckoning; Mensura- 
tion or Measuring; Delineation; Drawing and Setting-out. 

The standard units fixed in England for all calculations of mensura- 
tion are, for extension the yard, for weight the pound, and for capacity 
the gallon. The actual standards are kept in the Houses of Parliament, 
and he did not know that the public had access to them. The standards 
for linear measurements would be found on the plinth of the north wall of 
Trafalgar Square. There were set out there the foot, the yard, the 
fathom, and the chain. Engineers were accustomed before going out on a 
long survey to check their chains at this place. 

For scientific calculation the French standards of the métre, gramme, 
and litre were frequently adopted as being more adapted for small sub- 
divisions and calculations than the English standards. 

With regard to mensuration in order. to obtain the position of a body, 
there must be three measurements all at right angles one to another. 
One of the measurements would be from the surface, another from one 
side, and from front to rear. Mensuration resolved itself into extension, 
resulting in linear extension, superficial extension, and cubic or solid 
extension. Linear extension was determined by one measurement, super- 
ficial by two, and solid by at least three. 
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In regard to linear measurement they had to consider the relative 
position of all lines forming an angle. There are 360 degrees in a circle, 
and the inclination of one line by another is determined by the number 
of degrees in the angle so formed. 

The figures which ordinarily entered into the question of obtaining 
areas and cubic spaces were (1) the triangle, (2) the square and other 
rectangular figures, and (3) the circle. (1) The triangle is the only 
rectangular figure the form of which may be determined by the length 
of its sides, and the lecturer gave illustrations on the blackboard to 
explain the point, and to show that this was not so with a 4-sided 
figure. The area of a triangle is determined by multiplying the length 
of the base by half the vertical height of the figure. In the case of a 
right-angled triangle the square of the longest side was equal to the sum of 
the squares on the other two sides. This was useful knowledge when they 
had to measure a gable of which they could take the height and width 
only, the side opposite the right angle could always be found by adding 
together the squares of the other two sides, and by taking the square 
root of their sum. The solid measurement of a triangle—or, rather, a 
solid triangle—might be described as a pyramid or a cone. The contents 
of a cone could be ascertained by multiplying the area of the base by 
one-third of the vertical height of the cone. (2) The square was a simple 
rectangular figure, and of this and other right-angle figures the area was 
determined by multiplying two sides together. With regard to other 
right-lined figures, but not rectangular figures, these might always be cut 
up into triangles, the areas of which added together would give the area 
of the irregular figure. (3) As regards the circle, the calculations of area 
and contents of a sphere were rather less simple, but if the figures 
3°1416—which entered into all of the calculations of area, circumference. 
and solidity—-were remembered there would not be much trouble. The 
circumference equals the diameter X that figure; the area of a circle is 
the square of the diameter multiplied by °7854, which is that same figure 
of 3:1416 divided by 4. A solid circle or sphere equals the diameter 
cubed multiplied by °5236, or the same figure of 31416 divided by 6, 
The surface of a sphere is obtained by squaring the diameter and multi- 
plying it by 3-1416. 

Irregular rectilinear figures, as had been said, could be divided up into 
triangles and measured as described. As regards irregular figures which 
were not rectilinear the method of finding the areas was to divide it up 
into triangles, as in the case of rectilinear irregular figures, and to estimate 
the remainder within the irregular boundary by another process. In 
surveying work it was usual to divide the straight line—the cord of that 
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irregular boundary—into a certain number of distances, take the sum of 
the ordinates or offsets and divide it by the number of spaces formed by 
the ordinates. But that was only an approximation, and the nearest 
approach to exactitude was that known as Simpson’s rule. This rule was 
as follows:—Divide the base line into any number of equal parts and 
measure the ordinates, add together the first ordinate and the last 
ordinate, four times the sum of the even ordinates, twice the sum of 
the odd ordinates and multiply the result by one-third of the distance 
between two adjacent ordinates. Difficult solid figures could be cut up 
into comparatively easy ones, and the lecturer illustrated this by a 
dissected wooden model of a railway cutting. 


VENTILATION. 

Passing on to the subject of ventilation, the lecturer said that statistics 
showed that deaths were due to impurity of air more than to almost any 
other causes. The average mortality of this country increased with 
tolerable regularity with the density of the population. There are other 
causes in connection with the density of population, such as less clean- 
liness, overcrowding, and insufficient food; but when all these things were 
allowed for there is no doubt that impure air is one of the greatest, if not 
the greatest, cause of mortality. Impure air aggravated other diseases 
which might, perhaps, otherwise be easily combated. 

The first thing to consider was the composition of the element with 
which they were dealing—namely, the air. Air is composed of oxygen in 
the proportion of 209°6 parts per thousand volumes, nitrogen 790, and 
carbonic acid about °4. Of all the components, oxygen is certainly the 
most important, for without oxygen life would not continue. Nitrogen is 
only a carrier, or a diluter of the oxygen, so that it might not be inhaled 
in too great proportions; the amounts mentioned were those usually found 
in the open country. In mountainous regions the air contained a rather 
nigher proportion of oxygen, while in densely populated districts a less 
amount of oxygen is found, with carbonic acid gas in varying proportion. 
Besides the gases mentioned, there are other constituents of the uir— 
namely, watery vapour, which varies in quantity according to the 
temperature, a warmer atmosphere being capable of holding in suspension 
more vapour than a cold atmosphere. There was also ammonia, minute 
organic matter, and other impurities from which the air was not often 
quite free. 

It was not known exactly what amount of saturation was most conducive 
to the health of human beings, but it was generally acknowledged that from 
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65 to 75 per cent. of saturation should be maintained. Impurities of air are 
vaporous gases and solid particles, many of which it was impossible to 
detect by any one sense. Some might be recognised by the taste or smell, 
but if the impurities were constantly to remain in the atmosphere our 


-sense of smell would be blunted. It was within their own experience that 


when they went into a crowded room in which a bad smell was particularly 
noticeable at first, the perception of it would in time wear off, showing that 
the sense of smell had been blunted. It was therefore necessary when 
examining the atmosphere by the sense of smell to have constant recurrence 
to the outer air in order to preserve the sense. Impurities which are 
being constantly thrown off into the air are by natural action being 
carried away. Purifying action takes place by winds and by rain, which 
carry down certain gases into the earth, for instance, carbonic acid gas 
is carried down in this way with very great benefit to agriculture. 
Substances which are floating in the air are wafted away or fall by 
gravitation, and organic matter is oxidised or burnt up; nature by this 
means is constantly purifying the atmosphere. There was one other 
means of purification—namely, by plant life. The vegetable world 
exercised a marvellous influence in this way by absorbing carbonic acid 
gas. The provision of open spaces in towns not only prevents, in some 
measure, the production of foul impurities into the air, but at the same 
time ensures their being removed in some degree by the plant and 
vegetable life grown in those open spaces. The solid impurities of the air 
are generally found to consist of finely powdered dust from the roads, 
pollen, vegetable matter, minute insects and bacteria.’ In addition to this 
within doors, fibrous matter was found from carpets, furniture and clothes, 
with bits of human hair, exhalations from the body, all making a very 
considerable list. They knew how a ray of sunlight through a hole in a 
shutter or chink in a wall would reveal the existence of these particles 
floating in the air which were invisible otherwise. 

Gaseous impurities in the air were the most important. There was 
first carbonic acid or carbon dioxide, known by the symbol of CO,. 
There was also carbon monoxide or carbonic oxide. Marsh gas or car- 
buretted hydrogen, compounds of sulphur, chlorine, nitrogen, phosphorous, 
and organic vapours. These gases are given off into the atmosphere from 
underground sources by putrefaction, and by the products of combustion, 
and by aniinal life. 

Carbonic acid was found in crowded rooms in excess of the usual 
proportion of -4 per thousand, and this excess was always due to respiration 
or to combustion, lighting or heating agencies. The amount of carbonic 
acid given off by an individual, a man in full vigour, is from 72 to 75 per 
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cent. of a cubic foot per hour; a woman gave off rather less, and a child 
less still. As an average it may be taken that ‘6 of a cubic foot, per 
head, per hour, is the amount of carbonic acid given off by a mixed 
community. As regards the carbonic acid given off by lights, the 


combustion of a cubic foot of gas would give off about ‘5 of a cubic foot - 


of carbonic acid gas.* An ordinary lamp of the same illuminating power 
would give rather a less amount, but the innocent looking candle was 
perhaps a greater offender than either. Carbon monoxide was chiefly 
derivable from imperfect combustion. It was very poisonous, one-half 
per cent. producing poisonous symptoms, while one per cent. is generally 
fatal. Fortunately this gas was not as abundant as carbonic acid. 
Organic matter was given off by the skin and lungs of human beings, but 
the precise amount of organic matter these produced had never been 
determined: it consisted of small particles of fatty and other organic 
matter. Some special diseases were due to impurities in the atmosphere, 
and these were generally found to attack the respiratory organs, such as 
those of catarrh or bronchitis. Many trades were particularly liable to 
forms of diseases, lung diseases being particularly prevalent among these 
grinders, button makers, copper smiths, tin-plate workers, potters, and 
others, a more exact knowledge of this portion of the subject was greatly 
needed. A general result of impurities in the air were lassitude and 
unfitness for business; the lecturer mentioned a case in which the staff of 
a Government Office was continually affected in this way simply because 
the ventilation was not properly provided for. 

The term “ventilation ” had a wide meaning, but for their purpose it 
could be restricted to the meaning of keeping air pure, as far as possible, 
in dwellings or occupied rooms. First they had to determine the quantity 
of air required, and then the method by which that quantity could be 
supplied. The carbonic acid produced by persons breathing was not in 
itself very dangerous, and this gas, except in large volumes, did not have 
much effect on health, but inasmuch as carbonic acid is in constant ratio 
with other impurities, more especially with organic matter due to respira- 
tion, it is taken as a gauge of the impurity generally. They had then to 
consider the standard to be adopted for permissible impurity. It was 
obvious from what had been said that the air in an inhabited room could 
not be as pure as the air outside, and therefore additional impurity must 
be allowed, but the question is what should be the limit? Prof. De 
Chaumont found from a great number of observations that a fair idea of 


* At the lecture 2 cubic feet was stated as the amount, and this incorrect figure 
occurs in some of the text books; but, at the request of the lecturer, ‘5 of a cubic foot, 
which he finds to be the correct amount, has been inserted here. 
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the condition of the atmosphere might be determined by the sense of 
smell. It was found that organic matter was thus perceptible when 2 
parts per thousand of carbonic acid had been added to the normal outside 
air. It had therefore been taken that this amount of impurity was 
permissible in indoor atmosphere. If therefore a person contributed -6 
parts of CO, per thousand, it would be necessary that he should have 
3,000 cubic feet of air per hour in order that the permissible limit of °2 
parts added CO, should not be exceeded. This amount of course very 
many in the community did not obtain. They should also remember the 
amount of vitiation of atmosphere produced by light. For every cubic 
foot of gas burnt about 1,800 cubic feet of fresh air should be added to 
that supplied to the individual. A gas burner consuming three feet of gas 
per hour would represent approximately an additional three persons occu- 
pying the air space. This was a fact of which everyone was not aware. 

The moisture of the air had an important bearing on the subject, and 
in this connection they had to consider the relation which the warmth of 
the body bears to the different temperatures. Body heat was kept up by 
the food we consume and the oxygen we breathe; the heat is given off 
through the breath, through conduction into bodies or matters lying in 
contact with the skin, and by evaporation from the skin. In moist cold 
air, while evaporation is checked, conduction and radiation due to the 
moisture would be much increased and a sense of chill created. In moist 
hot air evaporation is checked, but in addition no radiation or conduction 
takes place from the skin, so that a sense of oppression is felt. In a case 
of a moist atmosphere with moderate temperature the equilibrium seems 
to be struck between checking the evaporation from the skin and in the 
conduction of heat from the body, so that a feeling of comfort is perceived. 
Seventy-five per cent. of saturation was an allowable degree of moisture. 
It was found that to prevent excessive moisture about 3,000 cubic feet of 
air per hour should be supplied, so that similar results were arrived at as 
regards the amount of air required, both by the carbonic acid test and the 
moisture test. 

Now how could the required amount of fresh air best be supplied in 
order to maintain a given degree of purity? Consideration must first be 
given to the space through which the air had to pass, and the rate at which 
the air should be passed through that space without producing discomfort. 
The larger the space the less frequent, of course, would be the necessity 
for renewing air, and vice versa. The difficulty, however, was not in 
regard to the general movement in the space, but as to the speed with 
which the air passed through the openings. It had been estimated that in 
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order to avoid draughts the rate through the inlets should not exceed three 
feet per second. In our climate under ordinary conditions of temperature 
it was found that the air of a room cannot be changed more than three 
times per hour without causing a draught, so that if a person was to have 
3,000 cubic feet per hour the space must have a capacity of 1,000 feet. 
Judged from these standards the ordinary room occupied by the labouring 
classes was deplorably deficient. This was thoruughly recognised by 
sanitarians, and the law also recognised it. Certain regulations were laid 
down for the minimum ainount to be observed. The London School 
Board required 120 cubic feet of air space for each scholar; Board 
Schools under the Educational Act only 80 cubic feet. In common 
lodging houses the limit required is 300 feet; under the Factories 
and Workhouses Act 250 feet in the daytime and 400 feet during 
overtime. The amount for schools appeared to be low, but it must 
be remembered that these buildings were not occupied all day or for 
prolonged periods. In barracks 600 cubic feet were allowed, in hospitals 
2,000 feet, in army hospitals 1,200 to 1,600 feet. In making these calcu- 
lations it was not usual to reckon more than 12 feet in height, because as 
the height increased the area would decrease, and it would be possible to 
have a ridiculously small amount of floor space with a very great height; 
moreover, it was not usual to find windows high enough to give any 
ventilation to a height above 12 feet. 

The next point, therefore, was the distribution of air, the object being 
that the air should be equally diffused at all points. Motion was imparted 
to air by either natural or artificial movement. Natural ventilation was 
brought about by diffusion, winds, and temperature. With regard to 
diffusion, the tendency of air was in all cases to diffuse or spread itself so 
as to equalize the density of the atmosphere. The amount of diffusion 
taking place in a room is considerable. This was not realised in olden 
days when it was considered that gases of a greater specific gravity would 
lie below those of a less specific gravity, or that the denser gases, such as 
carbonic acid, lay at the bottom of a room. For this reason our great- 
grandfathers had their beds about four feet from the ground. Now 
diffusion of air would take place through ordinary chinks and holes, but 
the diffusion thus taking place through walls and closed windows was not 
sufficient to purify a room, and the organic matter and other impurities 
were not to be moved by diffusion. The outer atmosphere is an important 
agent in this latter work. There was nearly always sufficient movement 
in the outer air to cause pressure on one side of the building and a slight 
vacuum on the other side, so that diffusion of air into the building 

VOL. XXII. PART II. L 


Nc re me ee 


Waa (Oar 


162 Calculations, Cubic Measurements, Ventilation, &c. 


resulted. But on the whole the movement in the outer atmosphere could 
not be considered a reliable means of ventilation. The action of the wind 
may doubtless be considerably utilised by contrivances—by cowls and 
other means—and fresh air secured, as was the case with the great air 
funnels on board ship, which not only let the air into the holds and 
cabins, but extracted the bad air from them. By means of a vane 
placed on the top of a cowl it could be made to face the wind or turn 
away from it. Movement was also due to temperature; winds them- 
selves were caused by the fact that in one part of the country the tem- 
perature of the atmosphere was higher than in another. The tendency of 
warmer air is to expand and rise, the cooler air flowing in to take its place. 
Means of ventilation by difference of temperature could be best employed 
in cold climates, but in tropical countries, where the air was warmer 
outside than inside the buildings, no movement would take place. In this 
country the movement of air due to difference of temperature is fairly 
reliable as a means of ventilation. Special attention had to be given to 
the arrangements for the admission of fresh air and the emission of foul 
air. In the case of ventilation by difference of temperature, very little 
objection could be taken to the position of an outlet provided it was 
high up, but it was desirable when possible to accelerate the emission of 
air by placing the outlet in a warm position, such as against a chimney. 
In barrack construction and in new buildings it was always customary 
to build an extra flue for each room by the side of those rooms, ter- 
minating in air bricks at the top. With regard to inlet flues greater 
care had to be exercised. The natural tendency of the incoming air is to 
keep at a low level, especially if introduced through the openings at a high 
velocity. It was desirable, therefore, that such inlets should be above the 
heads of the occupants, and that the orifices should be arranged so as 
to give an upward direction to the incoming air, and to assist by their shape 
in the diffusion inside the building. Many contrivances to ensure this 
movement had been devised, the principal ones being the Tobin tube, the 
Sherringham Inlet Valve, and the Hinckes Bird method. The lecturer 
then explained a little apparatus showing that if air was sent into a room 
through holes improperly formed draughts would be created and the air 
would not be diffused. It was necessary to remember in connection with 
ventilation tubes to avoid angles, as these reduced the movement of the 
air. It was hardly necessary to mention in connection with outlet shafts 
that the chimney of a room constitutes an important means of ventilation. 
So important were they that bye-laws had been made to prevent bedrooms 
being constructed without them. 
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Dealing with artificial ventilation, the lecturer proceeded to explain 
various devices for extracting vitiated air from buildings, and for forcing 
fresh air into them. One convenient method was by heating the air at 
the bottom of shafts and so inducing an upward current, but this was not 
possible in all places, and mechanical ventilation, depending on the prin- 
ciple either of extraction or propulsion, had to be adopted. The system of 
extraction was sometimes called the “vacuum” system as against the 
“plenum” system, which is the name given to ventilation by propulsion. 
In the vacuum system appliances were so placed as to draw off the vitiated 
air through shafts and other openings. Motive power for effecting the 
object was supplied in numerous ways, but now that the electric current 
was becoming general, a simple means of extraction of air by fans was 
available. These would now be often found in such places as hospitals, 
factories, smoking rooms, and places where there were large assemblies of 
people. The vacuum system, however, only insures the vitiated air being 
drawn off; it does not insure the supply of fresh air from definite and 
selected sources where it can be cooled or heated and purified. The 
supply air may flow through every opening into a room, whether it be a 
desirable source or not. The plenum system acted in exactly the opposite 
direction to the vacuum. It blew the air into buildings instead of 
extracting it. This method had the advantage that air could be drawn 
from a selected position free from smells; that it could be purified and 
controlled as to moisture and temperature; that it could be forced at any 
desired rate into the rooms or buildings and cause the vitiated air to 
escape through doorways, windows, and other openings which, under 
the other system, might let in indifferent air. In this way, the plenum 
system seemed to be superior to the vacuum. The lecturer briefly 
referred to Mr. Henman’s ventilation of the new hospital at Birmingham, 
this being an adaptation of the plenum system. 

As regards the various methods of ventilating, they might, however, 
conclude in this, as in the case of most other things where more than 
one system can be adopted, that no one system is suitable for all cases. 
In domestic rooms the ventilation afforded by openings, doorways, and 
windows, and by the extraction of bad air by flues, satisfactory ventilation 
could by care and attention be ensured, but for large buildings something 
more than ordinary means of this character had to be devised, and it 
would rest with the engineer or architect to select those means which 
were most readily available, or which, after due consideration of the 
conditions involved, seemed to be the most suitable. 
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Second Lecture, delivered March 12th, 1901. 


The Lecturer commenced by showing a number of diagrams illustrative 
of the means of natural and artificial ventilation explained in the first 
Lecture. 

Fig. 1 represents a frame containing mica 
flap valves. This is generally inserted in the 
front of a chimney flue near the ceiling of 
a room to act as an outlet for vitiated air. 
In the illustration the back view is shown 


that the arrangement of the valves may be ; é 
understood. Fig. 1. Mica Far. 


Fig. 2 shows an ordinary wooden shaft used in Barrack-rooms for the 
escape of foul air. In some cases where these shafts are used a gas jet is 
placed below so as to warm the air and cause an upward tendency at all 
times. The inlet for fresh air is shown too high up in the room. 


Fie. 2. Fig. 3. 


Fig. 3 shows a hollow beam with a perforated bottom, open to the 
outer air on opposite sides of a room. The division in the middle has the 
effect of deflecting the incoming air downwards, so as to mix it with the 
air of the room before it finds its way out again through the openings 
the other side of the division. ; 

Fig. 4 shows tubes of different heights which effect the same object 
as Fig. 3. 
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Fie. 5. 


Fig. 5 shows openings near the ceiling fitted with valves, one of which 
gives a dispersing effect to the incoming air, while the other prevents 
its too rapid exit. 


Fig. 6. 


Fig. 6 is a larger scale drawing of the valves, known as Sherringham 
valves. 

Fig. 7 shows an arrangement whereby outlet ventilation is assured by 
means of a special gas lamp placed near the ceiling. The products of the 
combustion of the gas are also carried off with the air of the room. This 
system is also applied in connection with the lamps of several well-known 
lamp manufacturers. 

Fig. 8 shows an adaptation of the archimedean screw to induce outlet 
ventilation. In this case the wind catches the gills on the external portion 
of the cowl and causes it and the screw to revolve. 
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Fig. 8. 
ARCHIMEDEAN SCREW 


Fic. 7. VENTILATOR. 


WENHAM’s VENTILATING Gas Lamp. 
Fig. 9 shows an Ellison air inlet brick which may be built in the wall; 
the smaller ends of the openings being placed outwards. The effect. of the 
bell mouthing of the holes is to diffuse the incoming air. 


Inside. 


A OUTSIDE GRATE 


(3 BOX IN WALL 
{CMOVABLE FAGN 


@ Fig. 10. 
E.uison’s Air Bricks, Exuison’s Arr INLET- 
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Fia. 11. 


Fig. 12. 
Howarta’s Air INLET, 


ELuison’s VENTILATOR. 


Figs. 10, 11 and 12 show other arrangements for diffusing the air. 
Fig. 13 shows the simple method adopted by Mr. Hinckes Bird for 
admitting fresh air at a proper level and with an upward and diffusing 


tendency. The bar at the bottom may be movable or may be fixed to 
give permanent ventilation. 


Fie. 13. 
Hincxes Birp. 


Fig. 14. 
Tosin’s TuBE. 


Fig. 14 is a representation of a “Tobin tube,” which gives an upward 
direction to the incoming air and delivers it at a height above the 


ordinary head level. A throttle valve is usually provided in it to regulate 
the amount of incoming air. 
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Fig. 16. Fig. 17. 
Muscrave’s VENTILATING GeorGE’s CALORIGEN STOVE. 
STOVE. 
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Fig. 15 represents a ventilating grate so contrived that fresh air may 
be brought to the back of it so as to impinge on the firebrick, and pass off 
warmed through a flue provided to an opening near the ceiling. ‘The 
shaded curve lines represent the circulation of the air within the room 
before it gradually passes up the chimney. 

Figs. 16, 17 and 18 represent coal and gas stoves constructed to stand 
independently of any brick setting, and containing air flues and spaces to 
be connected by a tube with the outer air. In this way the air within the 
structure is warmed and on passing into the room is succeeded by other 
air from outside so that not only is ventilation induced but the incoming 
air is conveniently warmed. 


Fig. 18. 
Bonp’s ENTHERMIC STOVE. 


Fig. 19 shows an electrically driven fan to be used either for the 
extraction of foul air or the propelling of fresh air. In the first case it 
would be fixed at the bottom of an outer flue or shaft, or even in an outer 
wall or window to act on the “vacuum” principle. When used for 
propulsion it would be fitted up in connection with warming or cooling 
and cleaning apparatus, and all the ramifying flues associated with a 
Plenum system of ventilation. 
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PRISON VENTILATION JEBBS SYSTEM 


The lecturer then proceeded to consider the subject of warming and 
lighting. 

There were two theories as to the nature of heat, viz., the material 
theory and the mechanical theory. By the material theory of heat, heat 
was considered to be a substance without weight which surrounded the 
molecules of the body, and by its attraction for other matter and repulsion 
for its own particles could readily pass from one body to another. That 
idea is now exploded. The present accepted theory is the mechanical one, 
viz., that heat is a condition due to vibratory motion among the con- 
stituents of a body in which every molecule is believed to have motion in 
some particular direction. The temperature of a body signified the inten 
sity of its heat. 

The distribution of heat is effected by conduction, radiation, and com 
vection. The rate of conduction differed greatly in different substances. 
Those which allowed a rapid flow of heat through their particles wer 
called good conductors, and those which allowed a slow were known 4% 
bad conductors and sometimes as non-conductors. Good conductors 
are metals, among which copper is perhaps the best, then iron and 
lead. Such things as water, bricks, and wood, were not 80 ’ 
while fibrous materials and wool were still worse, and air was perbaps the 
worst conductor of all. Many substances on account of their non-con- 
ducting properties are used to retain heat within other substances, to 
prevent it from passing where not required. They were all acquainted 
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with the simple example of conduction in the case of the handle of a tea- 
pot, and would recognise the use of the rings of wood which were generally 
inserted in the handle next to the pot in preventing the transmission of 
heat by their non-producting properties, The covering of steam pipes 
and boilers by fibrous substances was an example of the use of a non- 
conducting material, and the doubling of windows so as to have a space of 
confined air was a practice which showed how air might be used in the 
same way. 

With regard to radiation, they knew that radiant heat was not trans- 
mitted by the air. It passes through the air without affecting it. 
Experiments have shown that radiation will take place through a vacuum 
just as well as it does through air. Radiant heat is supposed to be con- 
veyed by ether, a thin and subtle element which pervades all space, which 
is set in motion, and conveys the motion of one body to another. That is 
the theory of radiation of heat. The amount of radiation from a body is 
not due to the material of which that body is composed, but to the nature 
of the surface of it. Bright and transparent objects will not radiate so 
well as dull objects. An ordinary iron pipe as it comes out: of the mould 
with its dull exterior radiates its heat to a much greater extent than if the 
same pipe was polished. A glass tube would radiate very little; the best 
radiating surface is perhaps that produced by dull lamp black. 

On convection of heat one or two points had to be mentioned. Convec- 
tion may be due to expansion, whether it is of air or water. This could be 
illustrated by putting water into a bottle and applying a light underneath, 
when the heated particles would immediately begin to ascend, while the 
colder would descend. If anything were to be put into the water of a 
flocculent nature, it would be seen that the particles would ascend and 
descend, and create what is known as a circulation. Water is unlike air 
in that it has this peculiarity, that when its temperature falls below 38? 
F., instead of contracting and falling, it begins to expand again. How- 
ever, temperatures as low as 40° in connection with the subject of heating 
did not concern them; he only mentioned it as an interesting fact in con- 
nection with the subject of convection. 

Of the various applied methods of warming, a good illustration was the 
domestic fireplace. This warmed chiefly by radiation, although heat was 
also given out from it by conduction and convection. For instance, while 
we are warmed chiefly by radiation from the fire, the hot gases are passing 
up the flue, the brickwork becomes warm by conduction, and that in turn 
warms the air, which by convection, or by conduction and circulation, warms 
the whole room. Radiant heat warms the walls and the furniture, it does 
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not warm the air; but the air gets warm from the walls and furniture, 
and for this reason radiant heat is perhaps the very best and pleasantest. 
But inasmuch as the power of radiant heat is éxercised inversely as the 
square of the distance it is only suited for small rooms; its power is not 
exerted sufficiently far to warm big rooms. It is more pleasant to have 
warm walls with cool air than to have the air warm and the walls cold. 
Many no doubt had experienced the unpleasant feeling of sitting in a 
large hall which had suddenly had its air raised to a considerable tempera- 
ture, but whose walls were cold. There was a feeling of a draught on the 
side next the wall, which was due to the room having been warmed not by 
radiated heat, but by convected heat; the walls were cold while the air 
was warm. The sensation of a draught is due to radiation from a body to 
a cold surface—colder than the body—or it is by conduction into the 
colder air which is impinging on the body. Sitting by a closed window on 
a winter’s day, although that window may be absolutely air-tight, there 
was often a feeling of draught. This feeling was either caused by 
the air being cooled by the window and descending in a cold. shower, or 
else radiation was taking place from the body to the cold window. 

The open fireplace was an extravagant method of heating a room, but 
it was a simple one, and therefore popular; at the same time it formed an 
excellent ventilator on account of its large open flue. Experiments showed 
that the velocity of the air passing up a chimney varied from three to five 
feet per second, according to the intensity of the heat in the grate, and 
when it was remembered that ordinary flues were nearly one square foot 
in area, it would be seen how large a volume of air was extracted from a 
room by the ordinary open fireplace. Next to the fireplace the close stove 
might be mentioned. This was an apparatus from which there was less 
radiation and more convection. A stove gave more heat by convection 
because the air played all round it. In the case of stoves there was the 
possibility of the iron getting too hot, in which case the organic matter in 
the air is burnt, producing a most unpleasant smell. In selecting a stove 
it was desirable to see that there were means of preventing this. Most 
stoves were lined with fire bricks to ensure their not becoming too hot. 
There were many kinds of stoves; some were provided with air ducts 
through them, in order that they might form a means for supplying 
warmed fresh air. These were useful improvements, and there was a 
large class of them. Then there were stoves with gills or flanges standing 
out from their sides in order that a larger surface might be exposed to 
the air, and that they might give off theit heat more readily to the 
atmosphere. Gas fires might be considered to rank with stoves; they 
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were often used because they were clean and ready to hand when wanted, 
but they were extravagant. Frequently gas stoves are offered for sale 
which are without any flue for carrying off the products of combustion. 
Consideration of what the products of combustion were, as previously 
explained, would show how very dangerous such stoves were. It could 
not be too strongly impressed upon everyone that no gas fires should be 
allowed to be used without a flue to carry away the products of combus- 
tion. One of the rules of The Sanitary Institute with regard to stoves in 
connection with its Exhibitions is, that no gas stove pretending to do with- 
out a flue should be admitted for exhibition. Oil stoves, which have come 
into use since the cheapening of petroleum, are useful for cooking, and 
they were also used for heating, but a large quantity of oil was consumed. 
They form a convenient apparatus for temporarily warming a room, but 
before a room is occupied when warmed in this way the stove should be 
removed and the windows should be opened, in order that there might be 
a good blow through. In these circumstances there might be no harm in 
the arrangement, otherwise, knowing what we did as to he vitiation of 
the air by combustion, oil stoves should not be allowed without a flue to 
them. Even with a good flue to them, however, gas and oil stoves did not 
constitute such a good ventilating arrangement as an open grate. 

With regard to heating with hot pipes, this might be effected either by 
steam or hot water. The heating of pipes by steam is not very popular 
for several reasons. There was the difficulty of maintaining a uniform 
temperature throughout the system, and arrangements had to be made for 
carrying away the water produced by the condensation of the steam; there 
was also perhaps a remote chance of some explosion taking place. Steam 
was an extravagant method of heating, and would only be adopted where 
steam was installed on the premises for other purposes. 

The system of heating by hot-water pipes depended for its efficiency 
on the circulation of hot water throughout the pipes. It was effected 
either by “low pressure” or “high pressure.” There was generally a 
boiler or heat generator in the lowest portion of the building, with a 
general circulatory system of pipes for flow and return, namely, one main 
pipe passing through the building to the highest point, and then returning 
back to the boiler; thus the heat is circulated by the tendency of the 
warm water to rise, and to fall as it gradually becomes cool. In connec- 
tion with this main circulating system, coils are provided at places where 
special heat is desired. These usually have an inlet pipe connected with 
the main flow pipe, and an outlet connected with the return pipe, so that 
a little sub-system is devised. By an ingenious little connection, how- 
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ever, the water in these coils can now be made to circulate with both ends 
attached to the same pipe, so there is no necessity to have the flow and 
return pipes of the main system close together. The application of this 
principle of a sub-system was practically unlimited, but it was necessary 
that there should be no such thing as any deep depression in the main 
system; that is to say, if an ascending column suddenly was taken down 
under a floor, or in order to avoid a passage or staircase, the circulation 
would be interrupted and perhaps altogether checked, so that drawbacks 
of this character were to be avoided. Pipes in connection with a low- 
pressure system are generally of large diameter in order that an amount 
of heat may be given off, equal to that given off by the smaller pipes of 
the high-pressure system. 

Under the high-pressure system pipes of small diameter were used, but 
the very much greater heat obtained from them made up for the deficiency 
in the heating surface as compared with the low-pressure system. With 
the low-pressure system water is considerably below boiling point, namely, 
212” F., while in the high-pressure system the temperature is often far 
above boiling point, and may even reach to over 300° Some might 
wonder how water could be raised above the temperature at which steam 
was given off. When steam is given off into the atmosphere the water 
never rises above 212”, but directly the steam is confined as in a boiler, or 
if steam is prevented from being produced by excluding all air space, the 
water could be raised to a much greater temperature than 212%, In 
the case of the high-pressure system all the air is forced out, the system is 
filled absolutely with water, and no steam is allowed to be produced. An 
expansion valve is provided to allow for the expansion and contraction of 
the water, but the water is heated up just as though it were a solid body 
instead of a liquid one. No boiler as a rule was used, but a coil of pipes 
was provided inside a furnace whence the flow and return system were 
taken. The lecture-room of The Sanitary Institute was heated in this 
manner, and in an adjacent corridor could be seen the furnace lined with 
a coil of pipes. 

Another system for heating by hot water had recently been introduced, 
which was based on a similar principle to the high-pressure system. 
Neither the high-pressure system nor the low-pressure would allow of dips 
being made, and therefore there was some difficulty in heating partly 
separated blocks of buildings and floors of different levels from one 
central place. A new system had therefore been devised, and in this the 
hot water was made to travel very much as our blood travels, viz., it is 
forced to circulate, it is pumped round. The pumps send the hot water 
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round the whole circulatory system, and the speed and, consequently, the 
heat can be regulated as required. This system is known as the A’court 
Binney system. It has been installed in one or two big buildings, viz., in 
the Carlton Hotel and in other places, and it is said works satisfactorily. 
The advantages were that it could be carried up one building under a 
corridor, down into another block, and so on, and there seemed to be no 
limit of distance or levels to which it could be carried. 

In connection with all hot-water pipe systems, special provision should 
be made for the admission of fresh air. This is frequently effected by 
the provision of a flue at the back of a coil communicating with the outer 
air, the air being admitted by small apertures, so that it may impinge on 
the coils of hot pipes and become warmed. In places where coils are not 
against the outer walls, tubes are taken from the outer walls under floors 
or along ceilings to the coils, against which the air is admitted as above 
described. They might accept as axiomatic that in every large building 
there should be no ventilation without means of heating, and no heating 
without ventilation; a system which combined the two processes would be 
the most suitable for large buildings. 


LIGHTING. 


Dealing with the question of light, the lecturer proceeded to point out 
that this subject might be looked upon from two points of view, namely, 
its lighting effect and its hygienic effect. With regard to the latter 
natural light had been proved over and over again to be a wonderful 
purifier and destroyer of noxious germs. Ordinary daylight was invalu- 
able as a means of illuminating. It found its way into all nooks and 
corners, and did much that artificial light could not. Buildings could not 
be considered to be properly constructed unless provided with a natural 
light which admits of some portion of direct sunlight at some time of the 
day passing into them, and no room could be considered sufficiently lighted 
unless some portion of the sky could be seen from its windows. It was 
hardly necessary to say that there were a great number of dwellings among 
the poorer classes which did not comply with this condition. In cases where 
daylight could not enter a room reflectors were used to direct the daylight 
into dark rooms. Want of light was frequently aggravated by insufficient 
window space. The law stepped in in certain cases, and insisted that houses 
should be provided with a certain amount of window space. The London 
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Building Act insisted that the window space should equal one-tenth of the 
flooring area. In certain circumstances the position of a window was 
very important. When writing it was always desirable that light should 
come in over the left hand, and the regulations of the Education Depart- 
ment went so far as to insist upon this. It was also desirable that the 
light should come in from that side of the room which prevented a shadow 
being thrown on to the desk or table, so that the eyesight might not be 
unduly strained. No doubt quite the nicest light for a room came down 
from a skylight direct from the heavens, but it was not always the best 
to use, as the shadow of one’s head would fall upon the paper on whicha 
person was writing. Natural light appeared to be colourless, ‘but, as a 
matter of fact, it might be divided into three primary colours—red, 
green, and purple. We could not distinguish them in an ordinary way, 
but scientific experiments shewed that these were the colours which make 
up ordinary daylight. The artificial light which most nearly approached 
natural light was, of course, the best. Green was the colour most restful 
to the eye, and perhaps that was the reason Providence had clothed the 
earth to such a large extent in that colour, 

Artificial light is caused by the incandescence of a substance due to 
heat. All artificial light until recently was obtained by the combustion 
of hydro-carbons, from either oil or grease. The artificial light, like the 
natural light, must be considered from more than one point of view, 
namely, as to its intensity, direction of its rays, etc. As to intensity, that 
light was the most convenient which could be increased if necessary, but 
artificial light never nearly approached natural light in intensity, and it 
had no purifying effect on the atmosphere, but generally acted the reverse 
way by vitiating the atmosphere. The electric light, of which he would 
speak later on, was more or less of an exception. 

In former times the candle was the only means of producing arti- 
ficial light, but light for light the ordinary candle was a greater vitiator 
of the atmosphere than the oil lamp, but the oil lamp, on the other 
hand, was dangerous on account of its liability to explode. The low 
flash oils used by the poorer classes were very dangerous, and were also 
greater vitiators of the atmosphere. Really gas, light for light, was a 
greater vitiator of the air than oil, and gave off a number of injurious 
products, but it was a very convenient light, and the degree of danger as 
compared with oil rendered it more popular than oil. In addition to this 
it gave off a large amount of heat which was considered comfortable by 
people who could not afford to keep up big fires. Concert halls and places 
of that sort, now-a-days, were usually lit by electric light, but the intro- 
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duction of the electricity had stirred up the gas companies, and we now 
have a greater amount of light from the incandescent mantles, which 
produced something like 30 to 50 per cent. more light, from the same 
amount of gas, than the ordinary burners. Comparing candles, oil and 
gas, it might be stated that two candles, one moderate lamp, and one 
cubic foot of gas per hour, each consumed as much oxygen and gave off 
as much carbonic acid gas as one person. In concluding, the lecturer 
again referred to electric light, and said the superiority of this method of 
lighting over all others could not be questioned. It did not add impurities 
to the atmosphere, it did not consume any oxygen, and the amount of heat 
it imparted was inconsiderable. Electric light more nearly approached to 
natural light, and with experiments made it was shown that plants will 
grow under it, and that even fruit will ripen. At present the electric 
light was apparently more costly than other means of lighting, but if it 
were possible to estimate in pounds, shillings, and pence, the saving in 
health, the decrease in dirt and saving to fabrics, as compared with other 
means of light, especially gas, it would doubtless be possible to show that 
the electric light was in the end the cheapest. 

In conclusion, the lecturer said that he regretted that the time allowed 
for dealing with the various subjects about which he had had the pleasure 
of speaking did not admit of treating of them as much in detail as he 
could have wished. He had, however, endeavoured to direct attention to 
the chief points in connection with each subject, and trusted that what he 
had said would afford some direct instruction, and create an interest which 
would lead to that study of the matter with which all lectures should be 
supplemented. 
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THE PARKES MUSEUM 
BUILDING AND ENDOWMENT FUND. 


IS Royal Highness The Duke of Cambridge, President of the Sani- 

tary Institute, has approved of an appeal being made to raise a 

fund for the extension of the Parkes Museum, and has signed a letter 

relating to this object, to which most of the Vice-Presidents have added 
their signatures. 

It is probable that many of the members residing in the provinces, or 
out of England, may not be aware of the development of the Museum 
that has already taken place, and the Council have therefore prepared 
a series of views of the different sections of the Museum, which are 
printed in this issue of the Journal. 

The Parkes Museum was founded at a meeting presided over by Sir 
William Jenner, Bart., M.D., F.RS., on July 18th, 1876, in memory of 
the late Edmund Alexander Parkes, who was the first professor of Hygiene 
in this country. He was appointed to the Army Medical School, estab- 
lished in 1860, by the late Lord Herbert of Lea. 

In 1881, on the occasion of the meeting of the International Medical 
Congress in London, the Committee of the Museum organised the 
International Medical and Sanitary Exhibition, which was held at South 
Kensington, in the buildings of the Commissioners of the Great Ex- 
hibition of 1851. The Exhibition of 1881 was the first of its kind in 
London, and was the precursor of the great Health Exhibition of 1884. 

In 1882 the Museum was incorporated, and His Royal Highness the 
late Duke of Albany became its first President. As the Council 
of University College required, for other purposes, the Galleries they 
had lent to the Museum Committee, it became necessary to make 
new arrangements for housing the collection, which had, by this time, 
considerably increased. The Museum was accordingly removed to the 


The Parkes Museum Building and Endowment Fund. 179 


present premises in Margaret Street. About £1,500 were expended in 
adapting the premises to the requirements of the Museum, the drainage 
and other arrangements of the building being especially designed and 
constructed so as to be available for teaching purposes. 

In 1883, on the 26th of May, the President, His Royal Highness the 
Duke of Albany, opened the Museum in its new premises and delivered 
an address, of which the following were the concluding words: ‘“ Our 
endeavour will be to make the Parkes Museum in every way worthy of 
the man whose name it bears. To do this, we look for the ungrudging 
and cordial support of all who are interested in sanitary progress. If 
such support be accorded us, we may fairly hope that the Museum will 
help materially in the dissemination of that branch of knowledge which, 
in the words of Dr. Parkes, aims at rendering growth more perfect, decay 
less rapid, life more vigorous, and death more remote.” 

In August, 1888, the Parkes Museum was amalgamated with the 
Sanitary Institute of Great Britain and incorporated under the title of 
The Sanitary Institute, the Memorandum of Association providing for 
“The maintenance in London, or elsewhere in the United Kingdom, of a 
Museum of Hygiene to be called the Parkes Museum, to aid in the 
scientific investigation and practical study of all matters relating to health 
and the laws thereof, and subject to sub-section (e), as a permanent 
memorial of the late Edmund Alexander Parkes, M.D., F.R.C.P., F.R.S.” 

During the twenty-five years that have passed since the formation of 
the Institute it has steadily grown, until now it numbers 2,500 Members, 
spread in every continent of the world, even to the distant Islands of 
Fiji. Its work has extended throughout England, Scotland, and Ireland, 
to the Commonwealth of Australia and other dominions of the Empire. 

The whole purpose of the Museum is to serve as a means of practical 
demonstration and teaching for Sanitary Science, and is not designed as 
an attractive Exhibition. Many of the exhibits are introduced to illustrate 
defects in material or construction, others are sclected to illustrate rather 
the class they represent than any special merits of any one particular 
make, but for the guidance of those seeking information a pamphlet. 
is published containing a list of appliances which have been approved by 
the Judges, and premiated at the Exhibitions held under the auspices of 
The Sanitary Institute. : 

The Museum occupies the position of a public demonstrating school, 
and is the only museum of the kind within the metropolis available to the 
public and those concerned with the teaching of Practical Sanitary 
Science. It has been the means of preparing a large number of men for 
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useful and honourable work in the Public Health Service, who without 
such help would have found it exceedingly difficult to have gained 
acquaintance with the technicalities of Public Health work. 

The Museum is open free to the public, and many thousand visits are 
paid to it in the course of the year by students, builders, plumbers, and 
other persons interested in sanitary work, who are thus enabled to study 
those forms of apparatus and arrangements that meet the requirements 
of modern sanitation. 

It will be seen from the illustrations on the following pages that most 
of the sections are much overcrowded, and that there are also many 
things which it would be very desirable to illustrate but which are 
necessarily excluded for want of space. 

When the new building is erected it is proposed to associate with it 
the names of others who have devoted much interest and time to its 
development, and to whose work its progress is so largely due. 

The Heating, Lighting, and Ventilating Section is to be named the 
Douglas Galton Gallery, in memory of Sir Douglas Galton, who was 
Chairman of the Parkes Museum, and for many years also Chairman of 
Council of The Sanitary Institute, who devised the scheme of amalgama- 
tion between the two bodies, and to whose wise counsel and active interest 
the Institute owes much of its present position, Any donations can, if it 
is wished, be more particularly allotted to the preparation of this section 
in the new building. 

Another section is to be made a Memorial to the late Rogers Field, 
who was such an active supporter of the Institute, and whose beneficient 
bequest of £5,000 will be a large help in raising the amount required for 
the Building Fund. 

The Council are confident that a further development of the work 
which has attained such assured public usefulness in the last quarter of 
a century would be of great benefit to the public, as well as to the 
members of the Institute, and they feel sure that members will do all in 
their power to support the scheme in which H.R.H. the President has 
expressed a personal interest. 


A preliminary list of donations is inserted in this Journal, for the 
information of the members, before any public appeal is made. 
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Preliminary List of Contributions. 


CapiTvaL ALLOTTED IN 1899 — oes wee ... £5,000 0 0 
Ditto 1901 ct xa hae .. 1,000 0 0 
His GrackE THE DUKE OF NORTHUMBERLAND, K G., P.C.... 100 0 0 
Lavy Gatton ae oe iat “ae eae 100 0 0 
Srr Francis SHare Pow tic. BART., M.P. ses Be 25 0 0 
Srr THoMAs SaLt, BART., M.A., D.L, J.P... ae ee 25 0 0 
Sir Henry THomeson, eee M.B.(LOND.), F.R.C.S. a 21 0 «0 
Pror. W. H. CorFIELD, M.A., M.D.(OXON.), F.R.C.P. oe 21 0 O 
His GRACE THE ‘AgernicHon OF ee P.C., D.D. 20 0 U 
A. WATERHOUSE, R.A., LL.D., F.R.ILBA.  ... eee 200 0 0 
-SIR FREDERICK ABEL, BART., K.C.B., K.C.¥.0., D.C.L., D.SC., 
F.R.S, er ise ok obs 10 10 O 
A. Wynter BLYTH, nara M.R.O.S., Fil. ne Fos. 1010 0 
H. E. ARMSTRONG, D.HYG. ... wee ie tes are 10 10 0 
Tros. W. CUTLER, F.R.LB.A. See at i is 10 10 0 
Epwin T. HAL, F.R.LBA. ... ae me ase ‘ive 10 10 0O 
Lievt.-Cou. A. S. JONES, V.C., ASSOC.M.INST.C.E. ... Site 1010 0 
H. D. SEARLES oe is “ae ee ots 10 10 0 
RicHAaRD BUCKLAND, Esq. . re es ies 10 0 0 
Sir JoserH FAayRER, BART., K.C.S.I., LL.D., M.D., FLRS.... 5 0 0 
Sir W. Guyer Hunter, kK. s M.G., M.D., LL.D., F.R.C.P. 5 5 0 
Sik Witi1aM Henry PREECE, K.C.B., F.R.S., M.INST.C.E. ... 5 5 0 
Pror. Henry ADAMS, M.INST.C.E., F.S.1. oe ves ie 5 5 UO 
BuSHELL ANNINGSON, M.A., M.D... ne _ 5.5 0 
CHRISTOPHER CHILDS, M.A., M.D., M.R.C.S., D.P.H., F.1C. 5.65 (0 
Magor R. H. Firts, PRGsA GE Je dee ie 5 5 0 
H. R. KENwoop, M.8., L.R.C.P., D.P.H. ve a ies 5 5 0 
GEORGE REID, M.D., D.P.H. ... sae dee tee tee 5 5 (0 
J. F. J. SYKES, M.D., D.SC. ... ae igs ves a 5 5 U 
Joun Epwarp WorrH, M.INST.C.E. _ fa see 5 0 0 
WILLIAM WHITAKER, B.A, F.R.S. ... ive ses ice 110 
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FIRST FLOOR .PLAN 


COMMITTEE ROOM 
a hae 


SECOND FLOOR PLAN 


THE SANITARY INSTITUTE, 


PARKES MUSEUM. 


ENTRANCE CORRIDOR 


Containing a Classified Collection of Food-stuffs—Models and Diagrams of Disinfecting 


and Refuse Disposal Apparatus—Gas Testing Appliances, 


— 
00 
fe) 
fo) 

2 


MAIN HALL OF MUSEUM. 


a 


= 
me 
oe) 
o) 

2 
: 


MAIN HALL 
(WEST END) 


ee se 


- “"SQR8ee00 
. mumme Nouuseaeee: 
BS Se Sek sage equ ger0-: 


SCIENCE ROOM. 


‘ontaining Meteorological and other Scientific Apparatus—Pathological Specimens and 


liagrams — A Classified Collection of Illustrations of all Apparatus and Appliances. 


slating to Hygiene—Lantern Slides for Lecture Furposes. (These can be used by 
Members. ) 
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BATH AND LAVATORY SECTION. 


This Section contains several forms of Supply Valves, Overflow and Wastes for Lavatory 

Basins and Baths arranged for easy cleaning—Lavatory Basins and Top combined— 

A Shallow Lavatory Basin, arranged with a Continuous Flow of Water, so that Clean 
Water is ready for each User, 


SANITARY APPLIANCES. 


(FITTED IN WORKING ORDER.) 


This Section contains typical forms of Water Closets, Waste Preventers and Flushing 


Cisterns, Sinks fitted in action—Old and Faulty Types of Closet, 
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WATER PIPES, 
CONNECTIONS & BENDS, 


WATER SUPPLY SECTION 


ws different kinds of Water Supply Fittings, including Water Meters, 

If-Closing Valves—A Model of Fireclay glazed Cistern for Drinking 

ized Section of a Filter Bed, as used by the Grand Junction Water 

-Water Separator, for preventing the Pollution of the Stored Water 
with the Washings of the Roof. 
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WATER PURIFICATION AND POLLUTION. 
WORKING MODEL TO ILLUSTRATE CONE OF DEPRESSION IN SUBSOIL 
WATER CAUSED BY PUMPING AT A SHALLOW WELL. 


Above this Model are exhibited several kinds of Filters. 
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BUILDING CONSTRUCTION SECTION. 


This Section contains a Glass Model, illustrating the Principle of Capillarity—Bricks 
arranged on a Balance, to show the Amount of Water that may be Absorbed— 
Model Brick Walls built on Damp Sand, with and without Damp-Proof Courses, showing 
the rising of Damp in a Wall and the way in which this may be checked—Models 
showing the easy Passage of Air through Sand and Soil, illustrating the way in which 
“Ground Air” from the Subsoil may find its way into Buildings. 
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HOUSE DRAINAGE AND DISCONNECTING TRAPS. 


Showing in Section the Construction of a Manhole with the arrangement of 
the Drainage for the Soil Pipe, Baths, Lavatory, Rain Water Pipes—The 
Disconnecting Trap and Air Inlets. 
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MUSEUM ARRANGED AS LECTURE ROOM. 
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LIBRARY AND READING ROOM. 


The Library Contains most of the Standard Works on Hygiene and Sanitation. In addition 

to Text Books, there is a large collection of Blue Books, Royal Commission Reports, 

Local Government Board Reports, Registrar-General’s Reports, Indian, Colonial and 

American Reports, and Reports of Medical Officers of Health, and Transactions and 
Journals of kindred Societies. 
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OBITUARY. 


FRANZ ANDREAS MEYER, 
Chief Engineer of the City of Hamburg. 


(Honorary FELLOW.) 


By the death of Franz Ferdinand Carl Andreas Meyer, Germany has 
lost one of her most gifted sons in the domain of Civil Engineering, 
whose life’s work was spent in the municipal service of his native town; 
and the world, a man who was ever ready to place his energy and oe 
in an unstinted manner at the service of a good cause. 

Born at Hamburg on the 6th day of December, 1837, Meyer, after 
having been educated in the then usual way as a Civil Engineer and 
Architect, entered the engineering department of the City in 1862, and 
rose in the short time of ten years to the post of Chief Engineer, which 
he occupied for nearly thirty years until his premature death in the 
beginning of this year. 

The work of a municipal engineer is, as a rule, no sinecure—as, 
besides engineering matters, a successful chief of this department must 
be eminently fitted to engineer men—and when we consider that during 
the thirty years of his life’s work the population of Hamburg more than 
doubled itself—rising from about 300,000 to about 700,000 persons—and 
the trade of the port increased by such leaps and bounds, that Hamburg 
is now generally looked upon as the first port of the Continent, it will be 
readily seen that besides the more technical part of his work Meyer had 
to deal with far-reaching questions of an economic, sanitary, and social 
nature, on the right solution of which depended the well-being and 
progress of the city. 

That he succeeded in solving them is to-day a matter of common 
knowledge, and his native city owes him a deep debt of gratitude for the 
energy, perseverance, and skill with which he presided over his extensive 
department. 

All his work was done in a thorough manner, from the leading 
features down to the smallest detail; it bears the impress of his genius, 
and through it he has pointed out the way for many years to come along 
which the development of the city must take place. 
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Among the many sanitary works carried out by him may be men- 
tioned the drainage, the water supply, and the works in connection with 
the disposal of the refuse of the city. The drainage, which was com- 
menced by Lindley, was extended by him, and presented, owing to the 
configuration of the ground, many points of great difficulty. Meyer had 
long pointed out that the water supply, owing to the absence of any kind 
of filtration of the river water, was in a very dangerous condition; and 
when at last the City Council sanctioned the necessary funds for an 
improved supply, the cholera appeared before the new works were finished 
and carried out its frightful work with a thoroughness that is still fresh 
in the memory of mankind. During this visitation Meyer directed the 
works that became necessary, and pushed the water supply works forward 
so energetically that long before the appointed time he was able to supply 
the town with filtered water. 

One of his last works was the erection of a refuse destructor station 
according to English models—the first on the Continent—which contains 
36 cells, and has in every respect proved eminently successful. 

A great traveller, Meyer knew nearly every capital in Europe, and was 
frequently consulted by foreign cities and governments on engineering 
questions. He made many visits to this country, and was quite at home 
in London. 

In the midst of all his work he was taken ill, and although his friends 
entertained every hope of recovery, he passed quietly away at Wildungen 
on the 17th of March last, at the comparatively early age of 64. 

To live meant for him to work and to work was life! He will be 
sadly missed by his many friends, to whom he endeared himself through 
his kind and genial disposition. On the day of his funeral the flags at 


Hamburg were flying half-mast high. 
H. A. R. 


ARTHUR CATES, F.R.LB.A. 
(FELLOw.) | 
Born 29th April, 1829 ; Died 15th May, 1901. 
The death of Mr. Arthur Cates, which took place on May the 15th, 


removed from among us one who has taken a notable part in professional 
education. 

The nature of the official position that he held for more than thirty 
years, Architect to the Land Revenues of the Crown under the Com- 
missioners of H.M. Woods and Forests, occupied his time and attention so 
fully that we have not many buildings actually designed by him, but the 
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influence he exercised over the buildings erected under the Crown leases 
was very great, and a general average of merit was reached through the 
careful correction he gave to the designs that came under his notice for 
approval, But the most lasting monument to him will be the Examina- 
tions of the Royal Institute of British Architects, which were developed 
under his skilful management as Chairman of the Board of Examiners, 
and which to the last were the objects of his earnest consideration. 

Mr. Cates was born on the 29th April, 1829, and educated at King’s 
College, London. He was articled to Sydney Smirke, R.A., and joined 
the Architectural Association in 1847, and the Royal Institute of British 
Architects in 1856. He was elected a Fellow in 1874, and was a Member 
of Council and Vice-President 1875-92. He was also a Fellow of the 
Surveyors’ Institute and a Fellow of the Sanitary Institute. 

As Surveyor to the Honorable Society of the Inner Temple he 
- designed the gateway in Tudor Street and King’s Bench Walk in 1887. 
He was Hon. Secretary to the Society of Biblical Archeology, Hon. 
Secretary to the Architectural Publications Society, and mainly through 
his exertions the Dictionary of Architecture was recently completed. He 
was Hon. Treasurer and Trustee of the Architects’ Benevolent Fund. 
When the Tribunal of Appeal under the London Building Act of 1894 
was constituted Mr. Cates was appointed the first Chairman. 

When Secretary of the Architectural Association in 1855, Mr. Cates 
presented a memorial on the subject of Architectural Education to the 
Royal Institute of British Architects, and on being elected on the Council 
of the Institute in 1875 he at once commenced working to secure the 
realization of this memorial. As a result of the memorial, in 1863 a 
voluntary examination was instituted, and by the efforts of Mr. Cates 
this was placed on g much more satisfactory basis by the establishment of 
the obligatory examination in 1882; and in 1889 this was further 
developed by the complete scheme of progressive examinations in the form 
in which they are now held. 

As Chairman of the Board of Examiners no trouble was too great for 
him to take, and his dignified presence at the vivd voce examinations, 
candidates have often said, stimulated them to do their very best; while 
the interest he took in the candidates was shown by his inviting them to 
call on him at his office, when the advice he gave them in directing their 
studies was most valuable.* The widespread influence he thus acquired 


* This advice always included a recommendation to study at the Parkes Museum. 
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was always directed towards sustaining a high ideal, and no better 
memorial could be devised or realized than the aspirations he thus started. 

Mr. Cates resigned the Chairmanship in 1896 owing to ill health, 
when his colleagues presented him with a testimonial of their high esteem 
for his unfailing zeal in organizing and successfully working the exami- 
nations. The value of the work he did for architectural education has 
been recognized by various distinctions conferred on him by foreign 
societics. 


WILLIAM SANTO CRIMP, M.Inst.C.E. 
(FELLOW). 


The death of Mr. William Santo Crimp, the well known Civil 
Engineer, after only a few day’s illness, has left a vacancy in the circle 
of sanitarians which will be widely felt. His experience in sanitary 
engineering commenced very early in life with a firm of agricultural 
engineers at Modbury, South Devon, where he designed a water conduit 
which is still in use. His professional work commenced under Mr. Hyde, 
of London. In 1875 he was engaged in connection with hydro-geological 
surveys, under the direction of Mr. Baldwin Latham. In 1877 he acted 
as Resident Engineer on the sewerage works at Melton Mowbray, and in 
1878 in a similar capacity on the Wandle Valley Sewerage Scheme, where 
he continued until his appointment as Engineer and Surveyor to the 
Wimbledon Local Board, which position he retained until his appointment 
as District Engineer to the London County Council in February, 1890. 
This latter post, however, he resigned in 1893, for the purpose of entering 
into partnership with Messrs. Taylor & Sons, the well known Civil 
Engineers. : 

Mr. Crimp was an indefatigable worker, and contributed various 
papers to the different technical societies, amongst these being the 
following :—“ Filter Presses for the treatment of Sewage Sludge ” (Inst. 
C.E., 1887); “Experiments of the movements of Sewer Air” (Inst.C.E.); 
“Sewerage Works for the Croydon Rural Sanitary Authority” (Assoc. 
Mun. & C.E.); “Street Lighting” (Asso. of M. & C.E.); “Road 
Making” (Asso. M. & C.E.); ‘Water Supply” (Asso. M. & C.E.); 
“Portland Cement” (Asso. M. & C.E.); ‘* Notes on Hydraulic Formule” 
(Asso. M. & C.E.) 

His book on ‘Sewage Disposal Works” was well known, and con- 
stituted a sound guide to the construction of sewage works. 

Mr. Crimp was a Member of the Institution of Civil Engineers, Fellow 
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of the Geological Society, Fellow of the Royal Meteorological Society, 
Fellow and Member of Council of the Sanitary Institute, Member of the 
Association of Municipal and County Engineers. 

Mr. Crimp’s personality was such that he made many friends who 
sincerely mourn their loss. He was frank and candid to a degree, and 
unhesitatingly discharged the many responsible duties which fell to his 
lot. Amongst these, not the least onerous, were those connected with 
his official position when in the employ of the London County Council. 
It is not every person who, although an accomplished member of his 
’ particular profession, whatever it may be, is also successful as an officer of 
a large corporation. Such a position requires many special qualities. 
Learning, industry, and assiduous application to his duties, do not make 
the first class official unless accompanied by tact and good temper, both of 
which Mr. Crimp possessed in a very large degree, as is evidenced by the 
friendly nature of his intercourse with the members of his Council, with 
his colleagues, and with his subordinates, down to the lowest rank. His 
resignation of his office was a cause of great regret to all those in the 
same municipal service, whose duties had brought them into close contact 
with him. Always ready to listen to new ideas, eager to progress in 
every possible way by increasing the efficiency of the various works with 
which he was connected, Mr. Crimp, whilst taking with him his colleagues 
heartiest wishes for success in his future career, left them with a sense of 
loss of a hearty fellow-worker and a good friend. That he carried these 
characteristics with him during the latter part of his career is shown both 
by the conspicuous success he achieved, and by the regret expressed on all 
sides at his untimely decease. 


W..J.D. 


MAJOR LAMOROCK FLOWER. 
(FELLow.) 
Born 7th January, 1829 ; Died 28rd May, 1901. 


Major Flower was the son of George Flower of the Manor House, 
Saltford, Somersetshire. He served his articles under Mr. Cruse of 
Warminster, and was afterwards actively employed in surveying and 
preparing schemes for railways and other works, in the heat of the rail- 
way mania, under Sir John Rennie, and in works of land drainage and 
improvement under Mr. W. C. Mylne, Engineer of New River Company. 
From 1853 to 1856 he had charge of extensive works carried out for 
improvement of River Thames, the filter beds at Stoke Newington, 
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Hornsey, and New River Head, with the engines, engine houses, sturage 
reservoirs at Maiden Lane, etc. Subsequently he served under Sir John 
MacNeill, in Ireland, and with Mr. Thomas Page laid out and deposited 
extensive schemes for railways and works. The railway to Epsom Downs 
was devised, and the surveys made by himself, and the Act obtained. 
The line, after difficulties with contractors, being finished by the Brighton 
Railway Company. 

‘Major Flower was for some time Professor of Military Surveying at 
the Cavalry College, Richmond, which was the foundation of the present 
Staff College. While there he wrote a manual of surveying entitled 
“Marching Out,” dedicated to H.R. H. the Commander-in-Chief, who 
ordered it to be supplied to military libraries. He also wrote many books 
and pamphlets dealing with the water question, and he was the author of 
many lectures and papers, amongst them “ River Lee,” read before the 
Sanitary Institute. 

In 1871 he was appointed Sanitary Engineer to the Lee Conservancy 
Board, an appointment he continued to hold until his death. He was 
deeply interested in all questions of sewage disposal and water supply, 
especially the purification of the River I.ee, and for the last two years 
had been busy in forwarding a scheme for intercepting the sewage of the 
towns and places in the lower part of the Lee Valley, and carrying it 
right away from the district. This, it is hoped, will be brought about 
ere long, and it was his great ambition to see it accomplished. His 
courtesy and consideration was very much appreciated by the authorities 
with whom he had to deal. Laid to rest on 28th May, in Saltford 
Cemetery. Lamorock, a name peculiar to the Flower family and derived 
from Sir Lamorock, a Knight of King Arthur’s Round Table. 

Married Mary Lucinda, youngest daughter of General Alexander 
Thomson, C.B., of Salruck, County Galway, by whom he had nine 
children. 

Major Flower joined The Sanitary Institute in 1884, and was elected 
on the Council in 1886, 

He was Chairman at various times of Finance Committee, Parliamen- 
tary Committee, Rivers Pollution Committee, and Congress Committee. 
Senior Secretary for many years of Section II. of the Congress. 

His regular attendance at the meetings of the Institute, and his genial 
manner, made him a noted member, whose presence will be sadly missed 


by his colleagues on the Council. 
L. A. 
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WASHINGTON LYON. 
(MEMBER.) 
Born 1818 ; Died 4th May, 1901. 


Mr. Washington Lyon, whose death occurred on May 4th last at 
Peckham, was born of Scotch parents at Clapton in 1818. The deceased, 
for the greater part of his life, took an active part in the local government 
of London. He served on the old Highway Board, and was a Vestryman 
of Camberwell and a Common Councilman of the City of London for 
many years. 

He was a keen sanitarian, and associated himself with every move- 
ment of modern hygiene. 

Mr. Lyon was Chairman of the Sanitary Committee of Camberwell 
when, in 1866, cases of cholera appeared in a small part of the Parish. 
He visited, with the late Dr. Bristowe and Dr. James Simpson, the 
infected houses, and a very effectual procedure was adopted as a result 
of their combined efforts. 

The healthy inhabitants were removed from the Mfected tenements 
and housed in railway arches close by. After this no new cases of cholera 
occurred. It is not improbable that this method might be adopted with 
advantage even now where an infectious disease has taken strong hold of 
asmall area. The clothes and bedding, &c., of the cholera patients were 
burned, this being the only method of destroying infection then known. 

Mr. Lyon was Chairman of the Port Sanitary Committee of London 
when, in 1884, the Isolation Hospital at Gravesend was opened. The 
deceased was the inventor of the well-known Steam Disinfector bearing 
his name. Mr. Lyon took for many years an active part in the pro- 
ceedings of the Sanitary Institute, and always regarded this Society as a 
powerful agent in the progress of hygiene. 


T. G. L. 


NOTES ON LEGISLATION AND LAW CASES. 


These notes are copied by permission from The Law Reports published by The Incor- 
porated Council of Law Reporting for England and Wales. 


For full text of these see Law Reports, which can be referred to in the Library of 
the Institure. 


ADULTERATION. —Beer—Liability of innocent vendor for beer contaminated by 
admixture of arsenic—Sufficiency of certificate of analyst—Sale of Food and 
Druys Act, 1875 (38 § 39 Viet. c. 63), es. 3, 6. 


Beer, with which a certain quantity of arsenic injurious to health had been 
mixed in the process of manufacture accidentally and in ignorance, was sold by 
a retailer without knowledge or reasonable grounds for suspicion of the presence 
of the arsenic in the beer :-— 

Held, that there was evidence that the beer was not of the nature, substance, 
and quality of the article demanded by the purchaser, and that the retailer could 
be convicted under s. 6 of the Sale of Food and Drugs Act, 1875. 

Certificates of public analysts stating in one case that the sample of beer 
‘contains arsenic,” and in the other case that it “contains a serious quantity of 
arsenic,” held to be insufficient. Gou.pER v. Rook. Bent v. ORMEROD. LEE v. 
Bent. Barrow v. Nosietr. [1901] W. N. 108: [1901] 2 K. B. 290. 


ARTIZANS’ DWELLINGS.—Sanitation—House let in lodyings or occupied by 
members of more than one family—Local yovernment— Public Health (Lon- 
don) Act, 1891 (54 § 55 Viet. c. 76), 8. 94. 


A building which is divided into separate tenements which are let as artizans’ 
dwellings is not a “house” within the meaning of s. 94 of the Public Health 
(London) Act, 1891, so as to enable the sanitary authority to make by-laws for 
its regulation. Weratnerirr v. Cantuay. Div. Ct. [1901] 2 K. B. 285. 
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FACTORY,— Provision of Sanitary Conveniences— Failure of Sanitary Au- 
thority to take Proceedings on Notice from Factory Inspector—Power of 
Factory Inspector to make requirement—Jurisdiction of Justices to in- 
quire into sufficiency of Sanitary Accommodation—Appeal to Quarter 
Sessions from Requirement of Sanitary Factory Inspector—Public Health 
Act, 1875 (88 & 39 Vict., «. 55); Public Health Acts Amendment Act, 
1890 (53 & 54 Vict., c. 59). 88. 7, 22—Factory and Workshop Act, 1891 
(54 § 55 Viet., ce. 75), 2. 2—Factory and Workshop Act, 1895 (58 § 59 
Vict., c. 87), 8. 3, 35. 


By the Factory and Workshop Act, 1891, s. 2., sub-s. 2, where notice of 
an act, neglect, or default is given by a factory inspector under s. 4 of the 
Factory and Workshop Act, 1878, to a sanitary authority, and proceedings are 
not taken within a reasonable time for punishing or remedying the act, neglect, 
or default, the inspector may take ‘‘the like proceedings for punishing or 
remedying the same as the sanitary authority might have taken.” A factory 
inspector having given notice to a sanitary authority that there was a deficiency 
of sanitary accommodation in a certain factory within their district, and the 
sanitary authority not having taken within a reasonable time any proceedings 
for punishing or remedying the same, the inspector gave notice to the factory 
owner under this sub-section and under s. 22 of the Public Health Acts Amend- 
ment Act, 1890, which had been adopted in the district, requiring him to erect 
certain specified sanitary conveniences, and on his neglect to comply with the 
notice summoned him before justices in petty sessions :— 

Held (by Lord Alverstone, C. J., Grantham, Bruce, and Darling, J.J., 
Phillimore, J., dissenting) that the justices had no jurisdiction to inquire into 
the suitability or sufficiency of the sanitary accommodation existing at the 
_ factory, or required by the notice of the inspector. — 


Semble, that an appeal lies to quarter sessions under s. 7 of the Public 
Health Acts Amendment Act, 1890, from the requirement of the factory 
inspector in such a case.—(TRacry v. Pretty & Sons). Div. Ct. [1901] 444. 


FACTORY ACTS. — Factory — Ventilation — Dust Generated and Inhaled by 
Workers to Injurious Extent—No Evidence of Actual Injury — Factory 
and Workshop Act, 1878 (41 § 42 Vict., c. 16), 8. 36. 


By s. 36 of the Factory and Workshop Act, 1878, where, in any factory, a 
process is carried on by which dust is ‘generated and inhaled by the workers 
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to an injurious extent,” the factory inspector has power to require a fan or 
other means of ventilation to be provided. In proceedings under this Section :— 


Held, that it was not necessary to prove that any worker had sustained 
actual injury from inhaling the dust, but that it was sufficient if it was proved 
that dust was generated and inhaled by the workers to an extent that must 
in the long run be injurious.—(Hoanrs v. Rircniz & Son). Div. Ct. [1900] 434. 


FACTORY ACTS. Workshop— Adapting for sale”—Factory and Workshop 
Act, 1878 (41 § 42 Vict. ¢. 16), 8. 93. 

Premises which were used in the daytime as a shop for the sale of sweetmeats 
by retail were used at night after shop hours for the purpose of packing the 
sweetmeats into the ornamental boxes in which they were sold :— 

Held, that. on those facts there was evidence to justify the finding that the 
premises were a “ workshop” within the meaning of the Factory and Workshop 
Act, 1878, Fur.ers, Lp. v. Squire. Div. Ct. [1901] 2 K. B. 209. 


HOUSING OF WORKING CLASSES. —- Closing order—Local government —Local 
authority—Powers—Duwelling-house unfit for human habitation—Housing 
of the Working Classes Act, 1890 (53 & 54 Viet. e. 70), se. 29, 32. 


By s. 32, sub-s. 1, of the Housing of the Working Classes Act, 1890, it is the 
duty of a local authority to take proceedings against the owner or occupier for 
the closing of a dwelling-house which is unfit for human habitation; and by 
sub-s. 2, “‘any such proceedings may be taken for the express purpose of causing 
the dwelling-house to be closed whether the same be occupied or not.” By 
s. 29, “In this part of the Act, unless the context otherwise requires, the 
expression ‘ dwelling-house’ means any inhabited building. Ps 

A local authority applied for a closing order in respect of three dwelling- 
houses which were admittedly unfit for human habitation. The houses had been 
closed by the owner for five and a half years for all purposes of human habita- 
tion, and they had not been used for such purposes during that period, nor had 
the owner any intention of allowing them to be so used in their pressnt condi- 
tion. A magistrate having refused to make a closing order :— 


Held, that the definition of ‘‘dwelling-house” in s. 29 did not operate to 
curtail the powers of the local authority under s. 32; that the mere fact of non- 
occupancy was not in itself an objection to the making of a closing order, and 
that the magistrate was wrong. Roxertson v. Kina. Div. Ct. [1901] 2 K. B. 
265. 
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NUISANCE.— Covenant by lessee to pay and discharye ‘‘impositions” charged 
or imposed in respect of the premises—Order by sanitary authority on lessee 
to abate nuisance—Public Health (London) Act, 1891, (54 § 55 Vict. 
c. 76). 


A lease for years contained a covenant by the lessee to “‘ pay and discharge 
all taxes rates including sewers main drainage assessments and impositions 
whatsoever which now are or at any time hereafter during the continuance of 
the said term hereby granted be taxed rated assessed charged or imposed upon 
or in respect of the said premises or any part thereof or on the landlord tenant 
or occupier of the same premises by authority of Parliament or otherwise 
howsoever (landlord’s property tax and tithe only excepted).” There was no 
repairing covenant in the lease. Notice was given to the lessor by the sanitary 
authority of the district, under the Publie Health (London) Act, 1891, to abate 
a nuisance caused by a foul and offensive privy on the premises by removing 
the privy and constructing a water-closet in accordance with the by-laws of the 
London County Council. The lessor thereupon did the work required in the 
notice, and subsequently sued the lessee to recover the expense incurred in so 
doing :— 


Held, that this expense was not covered by the words “impositions charged 
or imposed upon or in respect of the premises” in the covenant, and therefore 
that the lessee was not liable. Foutgerv., Arpinc. Div. Ct. [1901] 2 K. B. 151. 


NUISANCE. — Abatement—Owner—Default—Jurisdiction of justices to make order 
on person who has ceased to be owner—Local Government—Public Health 
Act, 1875 (38 § 39 Viet. c. 55), ss. 4, 94, 95, 96, 98, 104. 


A local authority took proceedings under the Public Health Act, 1875, 
against the agent of the owner of certain property for the abatement of a 
nuisance. The justices held that the respondent was not the owner within the 
meaning of the Act, and dismissed the summons. Their decision was reversed 
by the Div. Ct. and the case remitted to them. At the second hearing it 
appeared that the respondent had resigned the agency since the first hearing, 
and the justices again dismissed the summons :— 


Held, that the justices had jurisdiction to make an order on the respondent 
requiring him to abate the nuisance, although he was no longer the agent of the 


a of the property. Broappent v. SuerHerD. Div. Ct. [1901] 2 K. B. 
4. 
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NUISANCE. — Black smoke— Evidence — Metropolis—Public Health (London) Act, 
1891 (54 § 55 Vict. ¢. 76), 8. 24 (h). 

By s. 24, sub-s. (5), of the Public Health (London) Act, 1891, “ Any 
chimney (not being the chimney of a private dwelling-house) sending forth black 
smoke in such a quantity as to be a nuisance” is a nuisance liable to be dealt 
with summarily under the Act. 

Upon the hearing of complaints under this section, it was proved that black 
smoke issued from a chimney several times a day during a series of days for 
periods varying from a few minutes to upwards of an hour. 


Held, that upon these facts the magistrate was justified in finding that the 
smoke issued in auch quantity “as to be a nuisance,” although there was no 
evidence that any particular person or property was injuriously affected thereby. 
Sours Lonpon Execrric Suppi.y CoRPoraTion v. PERRIN. [1901] W. N. 100; 
(1901] 2 K. B. 186. 


SEWERS AND DRAINS. — Cleansing Sewers— Duty of Local Authority 
to Cleanse Sewers—Public Health Act, 1875 (88 & 39 Vict, c. 55), as. 16, 
19, 299. 

Sect. 299 of the Public Health Act, 1875, in providing for complaint to 
the Local Government Board where a local authority has made default in the 
maintenance of existing sewers, does not apply to s. 19 of the Act, which 
imposes on local authorities the duty to cleanse sewers vested in them, and 
consequently does not affect the right of action of a person who has sustained 
damage through the negligence of a local authority in not cleansing a sewer 
vested in them.—(Bazon v. Porrstapg Unpan Covunoit.) C. A. [1900] 2 Q. 
B., 588. 

Costs—Drainage—Capital or Income. 


SEWERS AND DRAINS.—Collateral agreement—Parol warranty that drains 
are in order. 

The plaintiff and the defendant negociated for the lease of a house by the 
latter to the former. The terms were arranged, but the plaintiff refused to 
hand over the counterpart that he had signed unless he received an assurance 
that the drains were in order. The defendant verbally represented that they 
were in good order, and the counterpart was thereupon handed to him, The 
lease contained no reference to drains. The drains were not in good order, and 
an action was brought to recover damages for breach of warranty :— 
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Held, that the representation made by the defendant as to the drains being 
in good order was a warranty which was collateral to the lease, and for breach 
of which an action was maintainable. Dz Lassattp v. Guinprorp. C. A. 
[1901] 2 K. B. 215. 


SEWERS.—“ Sewer ”—“ Drain” —“ Building” —Semi-detached houses—Effect of 
laying sewer in another person's land—Local government—Public Health 
Act, 1875 (88 § 89 Vict. c. 65), 88. 4, 18. 


The plaintiff and the defendant were the owners respectively of two plots of 
lund adjoining a road in which there was a public sewer vested in the local 
authority. Each of them was also the owner of one-half of the road so far as it 
ran with his plot. : 

The defendant first acquired his plot, and built thereon a pair of semi- 
detached houses. The drains from each of the houses joined at a point on the 
defendant's land, and from that point the sewage was carried by one culvert into 
the public sewer. Part of the culvert was carried through the portion of the 
road which then belonged to the plaintiff’s predecessor in title, and was con- 
structed under circumstances which made its construction a trespass. The 
plaintiff having purchased his plot and the adjoining half of the road, required 
the defendant to remove the portion of the culvert which lay under the latter: — 


Held, (1.) that the defendant’s pair of semi-detached houses constituted 
“one building only” within the meaning of s. 4 of the Public Health Act, 1875, 
and that the culvert, from the point of junction of the drainage of the two 
houses, was a “drain” and not a “sewer” within the meaning of that section ; 
(2.) that even if the culvert was a sewer the defendant could not by his wrongful 
act vest in the local authority the part of it which lay in the plaintiff’s land, and 
that the plaintiff was entitled to have that part removed. Hxzp.xy v. Wasp. 
Cozvens-Hardy J. (1901 [W. N. 77; [1901] 2 Ch. 126. 


SEWERS.—Disrepair—Liability of Local Authority for Accident Arising from— 


Negligence. 
A local sanitary authority, in whom a sewer under a highway is vested by 
the Public Health Act, 1875, is not in the absence of negligence liable for an 
accident caused to a person passing along the highway, by reason of the sewer 


having got out of repair. 
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Boroven or Batuvrst v. MacrHerson (1879) 4 App., Cas. 256, and dicta 
in Menicipan County or SypNey v. BourkE [1895] A. C., 433, explained. 


A sewer was constructed with due care and of proper materials by private 
persons under a high road. Subsequently the sewer became vested in the defts. 
as the local sanitary authority by virtue of s. 13 of the Public Health Act, 1875; 
and by ss. 15 and 19 the duty of repairing it and keeping it so as not to be a 
nuisance was imposed upon them. Owing to the mortar in one of the joints of 
the sewer having been worked away by rats, a cavity was formed below the 
surface of the road; but the existence of that cavity was not known to and 
could not, by the exercise of reasonable care, have been discovered by the defts. 
The plt.’s horse, whilst passing along the road, broke through the crust of the 
road into the cavity, and was injured :— 


Held, that the defts. were not liable—(LamBert v, Lowestort CORPORATION). 
Lord Alverstone, C. J. [1901] 1 Q. B., 590. 


BEWERS.— Prescriptive right of drainage—Trade Effluent—Public Health Act, 
1875 (88 § 39 Vict., c. 55), 8. 21—Rivers Pollution Prevention Act, 1876 
(39 & 40 Vict., c. 75), 8. 7. 


In the year 1885 a local authority connected with one of their sewers a drain 
which carried the effluent from the plt.’s manufactory, and this connection 
remained, and by means of it the effluent continued to flow into the sewer until 
in 1899 the local authority threatened to cut off the connection :— 


Held, that under s. 21 of the Public Health Act, 1875, the plt.’s had an 
absolute right to discharge their effluent into the sewer, and that if that right 
had been qualified by s. 7 of the Rivers Pollution Prevention Act, 1876, the 
facilities given by the local authority to the plt.’s for carrying their effluent into 
the sewer ought not to be withdrawn, unless either of the provisos to s. 7 
applied, namely, unless it could be shown that the effluent would prejudicially 
affect the sewers or the disposal of the sewage matter conveyed along them, or 
would be injurious in a sanitary point of view, or that the sewers of the local 
authority were only sufficient for the requirements of their district :-— 


Held, therefore, that, none of these things having been shown, the local 
authority must be restrained from cutting off the connection between the plt.'s 
drain and the sewer. Decision of Bryne J. [1900] 1 Ch. 781 affirmed.-—(East- 
woop Brotuers, Lrp., v. Hontex Urspan Counciz), C. A. [1901] W. N. 38; 
[1901] 1 Ch. 645. 
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STREETS.— New Street—Sewer—Metropolis Management Amendment Act, 1862 
(25 & 26 Viet., c. 102), as. 52, 53. 


An old highway about a thousand yards long formed the boundary between 
the parish of Clerkenwell, in the county of London, and the parish of Hornsey, 
in the county of Middlesex, the boundary line running down the centre of the 
highway. Prior to the coming into operation of the Metropolis Management 
Act, 1855, houses had been built along the Hornsey side of the highway for 
nearly its whole length, but on the Clerkenwell side there were only a few 
scattered buildings. In recent years the frontage on the Clerkenwell side had 
also been covered with buildings, and in 1898 the Clerkenwell Vestry laid down 
asewer under their portion of the highway for the purpose of draining the 
houses on that side, and apportioned the expenses amongst the frontagers on 
that side of the highway. Upon the hearing of a summons under s. 52 of the 
Metropolis Management Act, 1862, against one of the frontagers for recovery 
of the apportioned amount of the expenses, the justices found that the highway 
taken as a whole was sufficiently built upon to be a street before the Metropolis 
Management Act, 1855, came into operation, and held that the Clerkenwell 
portion of the lane could not be dealt with by itself for the purpose of determin- 
ing whether it was a new street ; they therefore dismissed the summons :— 


Held, that, having regard to their finding of fact that the whole highway had 
become a street in 1855, the justices were right in holding that they were pre- 
cluded from looking at the Clerkenwell portion as a street by itself, and from 
determining whether it had become a new street since that date-—(CLERKENWELL 
Vestry v. EpmMonpson & Son). Div. Ct. [1901] 1 Q. B., 264. 


VACCINATION.—Neglect to Procure—Information—Period at which Offence 
Complete—Limitation of Time—Vaccination Acts, 1867, 1871, 1898 (30 & 
31 Vict., c. 84, 8.29: 34 & 85 Vict, c. 98, 8. 11; 615 62 Viet, c. 49, 
8. 1). 


The appellant was convicted on an information, laid on July 12th, 1900, 
under the Vaccination Act, 1867, s. 29, charging him that, being the parent 
having the custody of a child born on December 30th, 1898, he did unlawfully 
neglect to cause the child to be vaccinated within six months after birth, not 
rendering a reasonable excuse for his neglect. 

On May Ist, 1899, the public vaccinator visited the appellant’s house, pursu- 
ant to notice, and offered to vaccinate the child, and vaccination was refused. 

; On July 7th, 1899, the vaccination officer served a notice, under the Vaccina- 
tiori Order, 1898, on the appellant, requiring him to have the child vaccinated 
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within fourteen days. No certificate of postponement or successful vaccination 
was received in respect of the child. 

The appellant objected that the information was out of time, having been 
laid more than twelve months after the offence was committed. The justices 
disallowed the objection, on the ground that the offence was complete, and the 
time began to run, on July 21st, the date of the expiration of the notice served 
on the appellaut by the vaccination officer. 


Held, that the offence was complete, and the time began to run, six months 
after the birth of the child, and the information was out of time.—(Lanenmpes 
v. Hopss). Div. Ct. [1901] W. N., 30; [1901] 1 Q. B., 497. 


Kenny & Co, Printers, 25 Camden Road, London, N.W. 


Volume XXITI.—Part ITI. October, 1901. 


J OURNAL 
THE SANITARY INSTITUTE. 


REPORT ON THE WORK OF THE COMMITTEE 
APPOINTED BY THE SANITARY INSTITUTE OF 
GREAT BRITAIN TO PRACTICALLY TEST VEN- 
TILATING EXHAUST COWLS. 


DEDICATION. 


Many years ago when the subject of ventilation first began to attract 
a large amount of public attention, a committee was appointed by the 
Sanitary Institute for the purpose of testing the efficiency of the various 
Cowls and Terminals which were being introduced, in order to give the 
public some reliable means of judging of their merits. 

The committee consisted of: Sir Douglas Galton, Mr. W. Eassie, 
and Mr. Rogers Field; Mr. J. Wallace Peggs was afterwards added. 

The committee soon found that before they could arrive at any 
measure of the comparative value of the Cowls and Terminals tested, 
they must establish some standard for the instruments used for measuring 
the velocities of the air currents. A large part of their labour was 
therefore directed towards establishing a standard value for the reading 
of anemometers and air meters. 

In the course of these experiments, and during the trials of Cowls and 
Terminals, so many variable conditions had to be taken into account, 
certain winds and states of the weather waited for, and so many experi- 
ments made, that the members of the committee, who were busily 
occupied in other pursuits, found that as they tried to digest the mass of 
records of experiments, the months were passing into years, and the 
years into decades, with the work still unfinished; and as one by one 
the members of the committee passed away, the bulk of the work by 
choice or by necessity fell upon Mr. Rogers Field. 
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Mr. Rogers Field, although a busy professional man, devoted regularly 
a portion of his time to the direction of the observations and experiments, 
and to the consideration and reduction of the records. How much this 
time must have amounted to in the course of the twenty-four years that 
the experiments had been going on, no one knows, but there is no doubt 
that it was a valuable item, even compared with the £2, 000 which he 
personally contributed towards the expenses. 

Shortly before Mr. Field’s death, when he was in failing health, the 
records were taken over by the Institute. After his death no member 
of the committee remained, and at the request of the Council Mr. W. N. 
Shaw, of the Meteorological Office, undertook to bring to a close the 
experiments and to superintend the preparation of the report. So 
voluminous are the records, that although the tabulation of the results 
was in an advanced state, and many diagrams had already been plotted 
for the report, it has taken more than twelve months for the two assistants 
who were in charge of the work at the time of Mr. Field’s death to 
complete the report for issue, under Mr. Shaw’s superintendence. 

The subject was one in which Mr. Field took an absorbing interest, 
especially in the latter years of his life, and the Council of the Sanitary 
Institute feel that it is a fitting memorial to his labours in this and other 
branches of sanitary engineering to dedicate this report to his memory. 
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PREFACE. 


N the Spring of 1900, when the death of Mr. Rogers Field, the last 
of the members of the Cowl Committee, had brought the pro- 
longed labours of the Committee to a close, the Council of the Sanitary 
Institute did me the honour of inviting me to undertake the duty of 
preparing a report on the results of the experiments. 

With but little time at my disposal, it was not in my power to comply 
with the request. There were, however, still employed in working out 
results on the lines laid down by the Committee two of Mr. Field’s 
assistants, Mr. W. D. Matthews and Mr. H. Farmer, who had been 
engaged upon the work for many years, and who were well acquainted 
with the enormous mass of documents that had been accumulated by the 
Committee during the 23 years of its activity; I had for some time 
past taken a practical interest in the investigation of the laws of flow 
of air through tubes, and I was desirous of making what acknowledge- 
ment was in my power of the skill and energy, as well as self-sacrifice, so 
conspicuously exhibited by Mr. Rogers Field, and his colleagues on the 
committee, in a matter that is undoubtedly of great industrial and 
scientific importance, and accordingly I undertook to supervise the pre- 
paration of the report. 

The work was left by the Committee in a somewhat peculiar position. 
After many years of almost fruitless labour bestowed upon testing instru- 
ments to be used in the inquiry, and obtaining even with the elaborately- 
tested instruments results that were hardly capable of generalisation, 
the idea was suggested of making experiments on a series of “ terminals” 
differing from each other in the dimensions of some one element of their 
construction and determining how this development affected the flow 
of air along the pipe which it surmounted. ‘The idea seems to have 
originated with Mr. Farmer’s observations of the behaviour of smoke 
issuing from the terminals which are reproduced in this report, pp. 388 to 
393, and to have led to a very instructive and interesting series of results 
which were approaching completion at the time of Mr. Field’s death. 
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At the same time no narrative of the proceedings of the Committee 
existed. The papers include innumerable commencements of the pre- 
paration of a report, an elaborate synopsis of the items to be dealt with, 
materials more or less complete for an introduction dealing with the 
history of cowls from the earliest times, materials for illustrating the 
introduction, and endless summaries, tables and diagrams of experiments 
and results. Most of these are in want of finishing touches, which 
only those who originally designed them could give effectively. In 
what follows a selection of some of the fragmentary attempts at drafting 
portions of the report and materials collected for that purpose is given as 
an introduction, and appears as Part I. The tissue connecting the sheets 
of tabulations and diagrams embodied in Parts II. to V. had to be woven 
from the first with such assistance as the “synopsis” and fragmentary 
marginal notes and comments could give. 

The curves for interpreting the readings of the air-meters had been 
completed and were in actual use, and the laborious steps by which they 
were arrived at could be followed; the tests of the anemometers waited 
only Mr. Field’s decision as to the correction for “mitwind” in the cal- 
culation of the readings of the “1-inch cups.” It would appear that the 
want of agreement of the readings of the different instruments caused 
some hesitation about accepting a final value. All the evidence seems to 
have been set out, but the verdict was not given, and I have had to take 
up the difficult task of a jury and pronounce “ Yes” or “ No” upon the 
questions which were to be answered for the Committee upon the facts 
they had collected. 

The comparisons of the readings of open pipes mounted side by side 
were expressed in a number of elaborate diagrams, which were apparently 
prepared for publication and are accordingly reproduced. But the number 
of different coloured inks used in their preparation would seem to indicate 
a mode of reproduction which it would be difficult to carry out, and it is 
to be feared that in this, as in many other particulars, those who wish to 
realize the full extent of the Committee’s careful work must consult the 
original diagrams, which are in the possession of the Sanitary Institute. 

The work upon the comparison of the different terminals and cowls 
will, I hope, be sufficiently represented by the tables and diagrams which 
Mr. Matthews and Mr. Farmer have prepared, and which I believe will 
be found to be the most interesting portion of the report. The Com- 
mittee’s legacy in this department consists of 200 sheets of “Complete 
Tabulation” of the experiments, besides the original notebooks and in- 
numerable abstracts. I have endeavoured to secure a sufficient indication 
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of what can be found in the original documents, without attempting to 
reproduce them in their completeness. 

I feel bound to refer to two points of criticism upon the work. One 
concerns the use of the word “efficiency” for a terminal or cowl as 
expressing the result of the experiments. The word is only appropriately 
employed for a numerical constant or factor, which is characteristic of the 
terminal or cowl, and of that alone. In an introductory note to Part V. 
of the report I have given my reasons for thinking that the ratios obtained 
by the Cowl Committee depend upon the other part of the experimental 
arrangement, and not upon the terminal portion only, and that in conse- 
quence the word is not strictly applicable (see pp. 341 to 346). But I 
ought to say that this does not invalidate the effectiveness of the results 
and diagrams which compare together terminals differing in one dimension 
only, all other portions of the apparatus remaining the same. 

The other point concerns the plan of dealing with the apparatus for 
testing by the method of averages of a large number of experiments. 
Suppose, for example, that 100 experiments testing the effect of wind 
direction, upon the computation of a result upon which a subsequent 
measurement is to be based, give results varying among themselves between 
90 per cent. and 110 per cent. with a mean of 100 per cent. It is hardly a 
sound inference to say that in using the computation for testing a terminal 
the proper number to take for the computation in that particular case is 
100 per cent. All that can really be said is that the computation from a 
single experiment may be 10 per cent. in excess or defect of the mean, and 
that a single measurement must be understood to have that uncertainty 
attaching to it. There is some ground for saying that if the measurement 
of the terminal were repeated 100 times, the mean value should be taken 
in preference to any other. This, however, leads to the consideration of 
“probable error” and other questions which the Committee did not deal 
with, and I have endeavoured to represent the results as they were left by 
the Committee. I have not attempted any discussion of them; I shall 
have succeeded in the task I undertook if those who are so far interested 
in the matter as to wish to push inquiries into the generalisations that can 
be obtained from the results are able to find the materials they require, 
either in what is now published or in the original documents to which this 
publication may be regarded as a guide. 

Any one who does so pursue any point that suggests itself cannot fail 
to be convinced of the desire of the Committee to place at the disposal of 
the Institute full and complete knowledge on all the points arising in the 
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course of the inquiry, and their determination that the enterprise should 
not fail for any want of energy, care, or skill on their part. 
It is a matter of profound regret that the results were not presented to 
the Institute by those who alone could do it most effectively, and who PAT 
sacrificed so much in the endeavour to place the testing of cowls upon 
a sound scientific basis. 
W. N. SHAW. : 
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PART I.—INTRODUCTION. 


A SELECTION OF NOTES, CORRESPONDENCE, AND MEMORANDA 
FROM THE DOCUMENTS PRESERVED BY THE COMMITTEE. 


I—WNotes on previous Experiments on the action of Wind on 
Open Pipes and Cowls. Drawn up by Mr. J. W. Peggs 
(27th August, 1887). 


Experiments on the effect of wind passing across the mouths of tubes indicated 
by the flow or pressure of liquids. (‘Mechanics Magazine,” 1825.) 


A saucer was filled with water into which was put a glass funnel, the 
smaller orifice being above the water about 8-in., then the wind passed 
over the top from a kitchen bellows. The result was that the water 
ascended in the funnel, filled it, and was blown over as long as the opera- 
tion of blowing was continued. 

The next trial was with a 30-in. barometer tube, open at both ends, 
and the result was as before, only the water started up with much greater 
rapidity than with the funnel. 


Tuomas Ewpank.— Experiments on the effect of wind passing across the 
mouths of tubes at various angles, as indicated by the flow or pressure 


of liquids. (1834-35.) 


These experiments were made with small leaden, block tin, and glass 
tubes, g-in. and }-in. bore. The tubes §-in. bore were of different lengths, 
(12-in. to 36-in.), and placed in an upright position, the lower end being 
dipped into a tumbler containing a little water. 

Across the top of the upright tubes shorter tubes were placed, gener- 
ally 4 in. bore, and inclined at different angles to the vertical tube, as 
shown in the sketches, Diagram 1, p. 208. Conical cross tubes were also 
employed. 

The blast was effected simply by applying the mouth to one end of 
the cross tube and blowing through it. The effect of the blowing on the 
water in the vertical tube was then noted. 


208 I.—Historical Notes. 


The most important results may be briefly summarised as follows :— 


A A 


Fig Fig.2 Fi 19.3 Fig. 4 Fig. 5 


The vertical tubes are continuous, the gaps shown indicate that the whole 
length of the tube is not given. 

Diagram 1. 

In fig. 1, instead of the liquid rising in the vertical tube, air was forced 
out through the water in the tumbler. Various portions of the end 4 
were then cut off without changing the result until a b was only 3-in. 
long, when the air no longer descended, but no rarefaction took place in 
the vertical tube. 

In fig. 2 the same result was obtained as in fig. 1. In fig. 3 the 
vertical tube was made to project into the cross tube, and was cut 
obliquely as shown in the sketch at a. On blowing through the cross 
tube, in the direction of the arrow, rarefaction took place in the vertical 
tube, and the water rose in different trials from 20 to 30 inches. 

In fig. 4 the vertical tube was carried into the cross tube and curved 
as shown in the sketch, thus leaving an annular space }-in. wide. On 
blowing through the cross tube in the direction of the arrow, the water 
rose in the vertical tube from 20 to 30-ins. This result was improved by 
enlarging the annular space. 

In fig. 5 the cross tube was coned as shown in the sketch, and different 
sized cones were tried. The best result was obtained with a cone 9-in. 
long, }-in. diameter at the smaller end, and 4-in. diameter at the larger 
end, and in this case the water rose 31 in. in the vertical tube. 
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Tuomas Ewsank.— Experiments on the comparative value of various form« 
of chimney caps and ventilators carried out by Thomas Ewbank and 
Jordan L. Mott at New York, and communicated to the Franklin 
Institute, Philadelphia, 1st July, 1842. 


The blast was produced by three cylindrical bellows worked by a steam 
engine, and was conveyed through a 5-in. pipe terminating in an orifice 
3-in. diameter through which the air issued in a horizontal direction. 
Eight inches in front of the orifice a vertical glass tube 28-in. long, 14-in. 
bore, was placed, its lower end descending into a vessel of water, as 
shown on Diagram 2, fig. 1. The upper end of this vertical tube had a 
ferrule to which the caps experimented on were fixed. 


Fig.5 fig. 6 


Fig.1 


Diagram 2. 


The result of these experiments may be briefly summarised as follows: 
When the ferrule at the upper end of the glass tube was placed in the 
centre of the blast no rarefaction was produced, and the water was neither 
elevated nor depressed within the tube. 

Cap fig. 2, consisting merely of a plain tube cut off at an angle, and 
fig. 3, consisting of a right-angled bend, when placed in the centre of the 
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blast blowing in the direction of the arrows, gave nearly similar results, 
and raised the water in the vertical tube from 14 to 24-in. 

Cap fig. 4, consisting of a cross-piece on the vertical tube as per sketch, 
gave, when the blast was in the direction of the arrow, no rise of water in 
the vertical tube. When the blast was at right-angles to the cross-piece 
the water rose two inches, and when it was at 45 degrees to the cross-piece 
the water rose 4 inches. 


Cap fig. 5, consisting of a conical cross-piece, caused the water to 
rise from 16 to 18 inches. 

Cap fig. 6, similar to the last, but with a conical piece at the blast 
end, caused the water to rise from 22 to 24 inches. 


Boston ExPEeRIMENTS.— Experiments on ventilation carried out by a 
Committee of the American Academy of Arts and Sciences, Boston, 
and reported by Dr. Wyman at the meeting in March, 1848. 


In these experiments the blast of air was produced by means of a 
revolving fan and was conducted into a straight square trunk 10 inches 
by 10 inches. In the mouth of this trunk was a tube of tinned iron 1}-in. 
diameter and bent at a right angle to carry the caps, the upright branch 
of this tube, about 6 inches long, reaching to the inside of the mouth, 
while the horizontal portion, about 5 inches in length, reached within about 
24 inches of a coil of lead pipe 53 feet long. The connection between the 
pipe carrying the caps and the lead pipe was made by a short glass tube, 
for the purpose to be explained further on. 

The fan was worked by hand, the blades being made to revolve at 300 
revolutions per minute by means of multiplying gear. The velocity of the 
blast as it issued from the trunk was measured by observing the deflection 
of a toy marble suspended by a silken thread in the centre of the mouth of 
the trunk. In order to ascertain the velocity which the observed deflection 
indicated the same marble was suspended at the mouth of a tube 1-in. 
diameter, through which air was forced at a known velocity from a model 
gas holder. The velocity thus ascertained was 10°36 feet per second, 
or 7:06 miles per hour, and this velocity was maintained throughout these 
experiments as the fan was always revolved at the same rate. 

The velocity of the induced current in the coil of pipe was measured 
by taking advantage of the well-known action of chlorine upon iodide of 
potassium dissolved in starch. A piece of paper wetted with the prepared 
starch was suspended within the glass tube and chlorine gas was allowed 
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to enter the end of the coil of pipe. The chlorine was carried along with 
the current until it reached the starched paper which it instantly dyed a 
deep blue. The interval between the chlorine being admitted into the 
pipe and the blue color appearing on the starched paper was observed and 
this indicated the time the induced current took to travel 53 ft. from 
which the velocity was calculated. 

In the first place a perpendicular fixed tube 1}-in. in diameter with a 
horizontal top was tried. 

Then a similar tube cut off obliquely at an angle of 45° with the 
opening turned away from the blast, then a number of elbows, plates 
and cowls. 

The induced current caused by the blast on the ventilator is measured 
by the velocity through the 1}-in. pipe. 

In the perpendicular fixed tube the velocity is 0°728 ft. per second, and 
in the other arrangements ventilators varied from 0-609 to 2-21 ft. per 
second. 

If we take the upcast in the open pipe as the datum as in the Kew 
experiments, then Dr. Wyman’s experiments shew that the efficiency is 
generally much greater than that of an open pipe, being from twice to 
three times greater, excepting in the case where the reading is 0-609 ft. 


Experiments on the Efficiency of Open Pipes and Wolpert’s Cowls, by Dr. 
Adolf Wolpert, carried out in 1877. Second Edition of “Ventilation 
und Heitzung,” p. 387. 


The blast was produced by a centrifugal fan making 1,500 revolutions 
per minute. The blast came vertically upwards through a tube 10 centi- 
metres in diameter, and 54 centimetres above the ground. 

The velocity of the blast was measured by one of Wolpert’s statical 
anemometers, and also by a water manometer. The cowls and open tubes 
to be experimented on were placed horizontally over the blast, and at 
distances varying from 7; meter to 1 meter above the blast tube. No 
air was allowed to pass through the cowls or open tubes, but the exhaust- 
ing power was measured by a water manometer in connection with ex- 
haust tube, and the velocity was calculated from the manometer. The 
velocity of the blast varied from 31 meters per second (69°44 miles per 
hour) to 8 meters per second (17:92 miles per hour). Experiments were 
made with plain open tubes of various diameters, viz., 20, 40, 60, 92 milli- 
meters, and also with Wolpert’s Cowls new and old pattern. 
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The conclusions he arrived at are as follows :— 


That a plain vertical open tube is a very good exhaust apparatus when 
the wind is horizontal or only slightly inclined. That the frequently 
occurring down-draughts, and the admission of rain, necessitate the con- 
struction of other apparatus, even if these, under many circumstances, 
give a smaller efficiency than open pipes. 

According to Wolpert’s experiments the exhausting power, with a 
horizontal wind, is as follows :— 

For an open pipe the exhausting power is two-thirds of the velocity 
of the wind passing across it. 

For Wolpert’s new cowl the exhausting power is one-half of the 
velocity of the wind passing across it. 

For Wolpert’s old cowl the exhausting power is one-third of the 
velocity of the wind passing across it. 

Experiments with blasts at different angles show that neither of 
Wolpert’s cowls were subject to down draught. 


Experiments on Ventilation or Cowl Testing, but not at Kew, by S. Stevens 
Hellyer. “Plumber and Sanitary Houses,” Fourth Edition, p. 433. 
Experiments carried out in 1880. 


The experiments were carried out on two 4-in. lead pipes. The pipes 
were fixed upon a wall outside Mr. Hellyer’s factory and were 33-ft. long. 
There were several bends in the course of the pipes, but care was taken 
to have the bends similar in both pipes. The pipes were continued 
6 or 7 feet above the parapet of the wall, and were placed 4 feet apart at 
their upper ends. 

Two different methods of testing were adopted : 

In the first method, the pipes were connected by a V bend at their 
lower end, and a fan meter made by Negretti & Zambra was fixed in one 
of the limbs of the V-shaped pipe where it could be seen through a glass 
front. 

The trials were made upon what Mr. Hellyer calls the “ Pull Devil 
pull Beggar” principle. In the first place a cowl was fixed upon one of 
the pipes and the other left open. At the end of an hour a reading of 
the fan meter was taken, and if this showed that the cowl had drawn air 
through the open pipe, it was assumed that the cowl was better than the 
open pipe and vice versd. 
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In the next place a cowl was fixed on each pipe and observations taken 
in the same way to determine which cowl was best. 

It will be noticed that by this method the fan meter was read back- 
wards as well as forwards. 

In the next method the two pipes were taken independently without 
the V-shaped pipe, and two fan meters, one being fixed at the foot of each 
pipe. A cowl was placed on each pipe and tests were made at intervals 
of 10 minutes, 1 hour, and 2 hours. Readings of the fan meters were 
taken at the end of the interval, and then the cowls were changed over so 
that each cowl was on a different pipe. 

The experiments show that a few of the cowls gave worse results than 
an open pipe, but most of them gave better results, the gain being from 
3 to 18 per cent. 

Mr. Hellyer’s own conclusion about the cowls is: “Taking all the 
tests, the palm of victory must be given to Mr. Buchan, and the results 
given in the various tables warrant the author in placing his own about 
second on the list.” 

ADDENDUM. 

Additional materials for completing the introduction thus commenced by 
Mr. Peggs are contained in two books of newspaper cuttings, entitled “ Principal 
Experiments on Ventilation by Cowls and Other Automatic Means,” and 
“History of Ventilation by Cowls, &c.,” extracted from the Plumber and 
Decorator, January, 1885 to August, 1889. 

In 1898-1900 a complete synopsis of the work carried out: by the Committee 
was prepared with a view to the preparation of the Report to be presented to the 
Institute; but no draft of a Report was prepared beyond some rough notes by 
Mr. Field and Mr. Peggs indicating the general lines proposed to be followed. 


II.— Chronological Table of Work done. 


(Drawn up probably in October, 1896, and extended to the time of 
publication, 1901.) 


1876-7. Experiments* by Mr. Field and Mr. Peggs, 1876-7. 
1877. Exhibition of The Sanitary Institute at Leamington in 1877. 


* Between December, 1876, and July, 1877, a number of experiments were made 
by Mr. Peggs and Mr. Field in a garden at Stoke Newington. So far as can be ascer- 
tained the experiments consisted in comparing the flow of air through a cowl, read by 
means of an air meter attached presumably to a pipe, which was surmounted by the 
cowl under observation, with the simultaneous readings of an anemometer. Various cowls 
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1878. Sub-committee (*) appointed to test Cowls exhibited. 
1878. Experiments (t) at Verification House, Kew Observatory, 1877-8. 
1878. Mr. Peggs’ paper at Paris (Tt). 
1878. Report of sub-committee in 1878 (*). 
Criticisms (+) as to coning and as to variation of upcast in different 
pipes. 


Further experiments to elucidate this. 

1879-80. Experiments on 3-in. Air Meters with experimental gas holder at 
Sugg’s, 1879-80. (Report, p. 238.) 

1880. Experiments on 6-in. Air Meters with experimental gas holder at 
King’s Cross, 1880. (Report, p. 251.) 

1881-2. Experiments on 3-in. Air Meters at Sugg’s, 1881-2, with experi- 
mental gas holder. Such great discrepancies in the results that 
it seemed unsafe to use them. (Report, p. 243.) 

1884. In 1884 a special gas holder was fitted up at Mr. Field’s offices at 
Cannon Row and very accurate experiments tried, which cleared 
up the whole matter and showed that the discrepancies were due 
to air currents, and to different temperatures of water. (Report, 
pp. 244.) 

[1884, August. Mr. R.O. Rymer Jones commenced experiments 
at the Hut in the Old Deer Park under the direction of the 
Committee. ] 

Tested 6-in. Air Meters for low velocities. 

1887, And tried 3-in. and 6-in. at Old Deer Park. (Report, p. 265.) 

1884-92. Experiments at Old Deer Park, 1884-92. Mr. Rymer Jones made 
roughly 2,000 experiments, 

1893-7. Subsequent experiments, say 4,000. 

1893. Mr. A. W. Ackermann and Mr. W. D. Matthews engaged; books 
checked and reductions made. 


were tried in this way, as well as an Open Pipe. The results appear on thirty-four foolscap 
sheets, but no final reduction of the numbers has been completed, so thut the effective 
comparison of the cowls is not available. In view of the more elaborate arrangements 
subsequently adopted, it seems now unneccssary to do more than mention the existence of 
these readings. 


(*) Names of Committee:—Captain (afterwards Sir) Douglas Galton, C.B., F.R.S., 
who died 10th March, 1899; Mr. Rogers Field, B.A., M.Inst.C.E., who died 28th March, 
1900; and Mr. William Enssic; after Mr. Eassie’s death in August, 1888, Mr. J. Wallace 
Peggs, Assoc.M.Inst.C.E., became a member of the Committee, but died on 24th Feb., 1899. 

(t) See “Sanitary Record,” September 13th, 1878, 

(t) These criticisms are preserved in book of cuttings among the papers collected by 
the Committee and now preserved at The Sanitary Institute. 
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Open pipes reduced and wind compasses prepared. (Report, p. 302.) 

Investigation of abnormal experiments showed that a number of 
experiments required to be rejected as unreliable; certain rules 
were drawn up (such as line of pipes, outside pipes differing 
10 per cent.) so that the rejections might be made on a uniform 
system, and each individual experiment was examined by Mr. Field. 
A large number were rejected. (Report, pp. 299 and 346.) 

When this was done and complete tabulations made it was found 
that other experiments were wanted, and supplementary experi- 
ments were commenced in 1894. 

Special instructions were given only to try under favourable condi- 
tions, and stop if experiments were abnormal. 

These supplementary experiments showed that a number of points 
required working out. 

March. Mr. H. Farmer engaged in place of Mr. Rymer Jones. 
Curves prepared for :-— 

Plain Diverging Tubes. 

Different-sized Caps over pipes, ete. 

Different heights as Hill Curve* on same day. (Report, p. 403.) 

It was found these must be tried on the same day with a favourable 
wind, leading to great delay. 

Sliding caps were tried to save time, with set screws, but subse- 
quently it was found that these affected the results and had to be 
repeated. 

These led to a great expenditure of time and further results and 
discoveries, and eventually 3,200 additional experiments have 
been tried, making 5,200 altogether, and as valuable discoveries 
have been made quite recently some more experiments will be 
wanted. 


Experiments with twirlers (Upcast and Down-draught). (Report, 
p. 382). 

Experiments with sugar loaf and sugar loaf Hill Curves.* (Report, 
pp. 363 and 411.) 


(*) Hill curves are understood to mean curves representing the results of a series of 
experiments generally completed on one day, to ascertain the effect of difference of 
position of a rain-gauge cap, or sugar-loaf terminal, over pipe or diverging tube, or any 
other one variable. Such curves are represented in the Report (Diagrams AE to AP, 
p. 405, BD, p. 414, and BU, p. 420.) 
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1897. Louvres and feathers found to be advantageous in certain cases. 
(Report, pp. 226—228,) 

1898-1900. Downdraught experiments with board at various distances behind 
centre of Cowl or Terminal, p. 437; experiments with Injectors 
(Report, p. 434); upcast experiments with jointed pipes, twirling 
tops, and improved single louvres with feathers; also over 1,000 
experiments on various terminals with sloping roof, p. 334.. 

1900-1901. Adding to complete tabulation and preparing rough draft for 
completing and publishing report. 


IlI.—HMistory of the Development of Tests on Louvre Terminals.* 


12th NovemBEr, 1897. 


1897. 
3 ] 
en Jue } Comparison of Sugar Loaf and Louvre. 
Comparison of louvred diverging tube and same encased in cylinder. 
10th August See also 21st Oct., 1897. 
A a at } Comparison of uncut and cut cylindrical Louvre. 
16th Sept. ) Comparison of Louvre fitted with four feathers and ditto with four 
21st Sept. } 7)" dia. brass wire stays. 


17th Sept. rire with feathers. 
4th Oct. 
5th Oct. 
22nd Oct. 
11th Oct. . Comparison of 7 and 9 feathers with and without cap. ae 
20th Oct. . Comparison of 7, 9, and 11 feathers with cap. 
21st Oct . Comparison of two forms shown in sketch. 
21st Oct. 

23rd Oct. 

2nd Nov. 

3rd Nov. 

4th Nov. } 

3rd Nov. } Comparison of 4 and 9 feathers with small top Louvre. Result, 


| Comparison of 4, 7, and 9 feathers without cap. 
) do. do. do. with cap. 


To find best length of feathers below Louvre. 


To find best length of feathers inside Louvre. 


efliciency same. See smoke tests on 4th Nov. 
{0th Nov. . To find best diameter for top of Louvre with 9 feathers. 
aS ae ; 
Smoke Tests. 
Feb., a808, 


* See Table XXVIL, p. 349, and Diagrams 57—82, p. 397. 
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IV.— fill Curves. 
74-1n, Cap OVER 3-1N, Pipe, 


The first attempt was made on the 23rd August, 1895. On this occasion 
“Flush” seems to have come out too low, viz.: Ratio ‘84, inserted 4 in. being 
‘86, and 3 in. above being 1-04. 

On account of the great difference between Flush and 4 in. above, another 
attempt was made on the 4th October, 1895, with the }in. above included. 
This second attempt was frustrated by heavy rains, thus preventing completion 
of curve, 

A third attempt was made on the 25th October, 1895, and was fairly suc- 
cessful, The Robinson Cups were out of order on this date. 


See Diagrams 65—7 1, p. 405, Diagram 74, p. 414, and Diagram 80, p. 420. 


V.— Cuuses of Deluy. 


Waiting for a suitable wind. A very good wind is wanted for these curves, 
as something like twenty-five experiments have to be made, and all of these have 
to be done in the same wind. 

Wind velocity dropping, causing rejection of experiment. 

Wind direction changing to “line of pipes,” causing rejection of experiment. 

Outside pipes differing by 10°/, or more. 

Rain; meters have to be taken out. 

Gusty winds. 

Ratios differing by 5°/, or more. 

Sliding Caps.—A great number of experiments were made with Sliding Cap 
with zine studs, which were found not to be reliable. 

King’s Cross note-books checked and experiments averaged. 

History of the consecutive readings of King’s Cross Meters (671, 673, 674) 
had to be made. 

Standard 3-in. and 6-in. Curves re-plotted. 

Open-pipe sheets re-worked from revised curve. 

Kew note-books (forty in number) checked. 

Wrong p2sition of meters noted, in some cases caused the following altera- 
tions: (1) Complete Tabulation ; (2) Wind abstract; (3) Wind compass; (4) 
Ratio compass. 

Abstract of day's work (history), prepared for doubtful days. 

Examination of each individual experiment by Mr. Field for doubtful experi- 
ments which, or some of which, ought to be rejected. 


VOL, XXII. PART III. P 
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VI.— Correspondence. 


122, Sincnain Roap, Kensincroy, W. 
October 16th, 1895. 


Rocrrs Fizup, Esa. 
Dear Siz, 

1 happened to look in at the National Gallery to-day, and was struck by 
the numerous chimney caps (Fig. 1) in the pictures of Venice. It might interest 
you to look in there some day ; if so, note the following pictures :-— 

No. 163, by Canale, 20 examples; see ex- 
ample in right hand corner. 

No. 127, by Canale, 17 example; note ex- 
ample in left hand corner. 

No. 1059, 5 examples. 

No. 938, by Canale, 39 examples, and 4 with | 
ornamental terminals (see Fig. 2). 

No. 1058, by Canale, 39 examples. 

No. 937, 6 examples, and one example shows 
signs of having been doctored (see Fig. 3). 

No. 210, by Guardi, shows 18 examples. 

No. 812, by Giovanni Bellini—lived between 
1428 and 1516—shows 2 or 8 (faint) examples : 
see left hand corner, | vuse tops (see Fig. 4). 


Bririso ScHoon :— 


No. 407, by Stanfield, 3 examples. 
No. 370, by W. M. Turner. 


: T)h 

Yours faithfully, nl 
A. W. ACKERMANN, npr 

Fig. 4. 


NAPLES, 
Dec. 18th, 1895. 
BR. Frey, Esq., Westminster. 
Dear Sir, 
A few weeks ago I did not think I should have the pleasure of seeing 
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those interesting Venetian chimneys we have previously discussed. I now send 
you a few copies (Diagrams 3 and 4, pp. 220-221) from my note book that may be 
of interest to you in connection with the very valuable set of experiments you 


are conducting. The -shaped Venetians are not so much in fashion as 


in Canaletti’s (artist) time, but many still remain and seem peculiar to Venice, 
for I have not noticed them elsewhere. They are built up of very thin 
bricks or stones specially shaped, and inside have a second chimney loosely 
covered with tiles. I was fortunate enough to see one under repair from the 
Tower of St. Mark’s. Occasionally they are grouped in threes and fours, and 
run at times very large, as much as four or five feet across the top. All have 
vent holes near the smaller diameter. No. 15 is interesting, as so near Mr. 
Peggs’ favourite pattern, and looks well, 

No. 18 from Rome is very quaint, and also looks very well. 

No. 14 is in terra cotta, modern, and much used in Milan. 
No. 12 is of sheet iron, and seems the favourite pattern here 
in Naples—as wany as two dozen being on some roofs, mostly 
flat here; and as they do not seem to have been doctored, 
are apparently successful. I think their section must be of 
the form here shown, but cannot get near enough to get 
dimensions. 

No. 1, from Milan, has a cowled top of plate, the rest in brick and plaster, 
which seems the favourite material. 


Yours faithfully, 


A. W. ACKERMANN, 


Notes re Chimney in Italy, by A. W. A., Dec., 1895 (see diagrams 3 and 4, 
pp. 220-221) :— 
Nos. 1, 8, 9, 10, 18, and 14. Milan. 
Nos. 2, 3, 4. Farmhouse between Milan and Venice. 
Nos. 5,13. Florence. 
Nos. 6, 7, 11, 15, 16, 17, 19, 20, 21. Venice. 
No. 18. Rome. 


= The commoner forms, as 2, 3, 4, 8, 17, appear to aim at as 
| little obstruction as possible by corner columns, and in some 
| cases the cap is supported with thin tiles, placed as here shown 
on plan. 
A. WA. 


220 


Diagram 3. 


Diagram 4. 


221 
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11, Rvs Borssy p’ANnGias, Parts, 
April 10th, 1879. 
Daa Sir, 


I called immediately on M. Faré (156, Rue de Rivoli), He says he 
cannot give his report except upon an order of the Agricultural Bureau. I am 
going to inquire for you and will report soon. 

As to the experiments on cowls, permit me to give my opinion to yourself 
and friends. 

Page 146 of my book (Traité de chauffage) you might read : 

‘Bien des personnes s'imaginent que I’hélice fixée & Vintérieur d’un tuyau 
active la sortie de la fumée: c'est une erreur.” 

You see I did not wait your experiments to have a right opinion on the 
subject. See figures 87, 90, 94 to 96, 97, 98, 101, 
103, 118, 125, 129, 180, 131, 164 to 182 of my 
book: you will find endless forms of cowls (or M. 
Eassie’s, pages 172 to 175). More than 2,000 
Patents have been taken on the subject, all copied 
from old things. The theory is this: 1st, Suppose 
a wall AB higher than the pipe C and no wind. 
The ascending power of the smoke or vitiated air 
will be exactly in proportion of the difference of 
density of the gases of the column C and the ex- 
fy) ternal air. 2nd, Should the wind blow from D or 

E or F the ascension of the smoke will be natural ; 
but should the wind come from G its strength may 
be superior or equal to the difference of density 
<+—f I just spoke of, and will cause the effects we 
all know. Hence all those inventions to put a 
“paravent” or screen on the G side, or to force 
the wind to drag away the smoke as we do here 
with the revolving ‘gueules-veloup.” 

One of the most simple of the inventions is no doubt the Chinese 
cap, used thousands of years ago, together with proper and sufficient 
air ducts to supply air to fireplaces, a thing which is just as badly 
understood in England as elsewhere; a thing which has been done 
here by Gauger in 1713 (see ‘La Mécanique du Feu”), and rein- 
vented or recommenced by Captain Belarius in 1832 (Mémorial de l’Officier du 
Génie), and twenty years afterwards by Captain Douglas Galton in his famous 
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ventilating fireplace, so much spoken of in all the scientific papers of the last 
twenty years. 

Now to the cowls. Never forget the rule I laid down (last line, page 268 of 
my book*): 3 things are indispensable to provide ventilation—an entrance or 
air duct ; an evit for vitiated air; and, last, a force. The cowls you experiment 
with are nothing else but ‘‘ paravents”; some of them may act well, like plain 
open pipes, in case of strong wind, but are actually worthless, and I say more, 
prejudicial, in case of calm weather, when you mostly want ventilation. 

One of the best modes of ensuring cheap ventilation (that is to say, to find the 
third term of the problem) and one to be used in barracks, hospitals, kitchens, 
ete., is to put the vitiated air of the various rooms (when possible) in contact 
with the smoke pipe of the kitchen, said pipe of conduc- 
tible material and inserted in a main exit pipe of masonry: 
when you cannot resort to it, have gas or some other 
agent, but do not depend upon natural forces like the 
wind, which act like wind-mills and give you water when 
you do not want it. 

Very truly yours, 
Cus. JoLy. 


1 send you a few copies of my last brochure to give to your friends of the 
Sanitary Institute, and particularly to Captain Douglas Galton. 

When you can inform me of what you are doing on your side I shall feel 
obliged. I subscribe to the Journal of the Society of Arts for that. 


5, Cannon Row, Lonpon, 8.W., 
May 12th, 1879. 
M. Joy. 
Dear Siz, 

I ought to have written you before to thank you for your letters and 
for the trouble you have kindly taken in endeavouring to obtain M. Faré’s Report 
for me. 

I wrote to M. Tisserand, Directeur d’Agriculture, as you suggested, a letter. 
a copy of which I enclose, but I have not received any reply. 

Ihave given copies of your note, “Sur la ventilation des Salons,” to Capt. 
Douglas Galton and Mr. Eassie, and forward you per took post a copy of the 


*Traité Pratique du chauffage, de la ventilation, et de la distribution de3 eaux. 
Paris: J. Baudry. 1873. 
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Sanitary Record of last week, in which Mr. Eassie notices your paper. I will 
give the remainder of the copies to other gentlemen interested in the subject 
when I have an opportunity. 

I have referred to the various passages in your “ Traité de Chauffage” (which 
Iam sorry to say I have not yet had time to study as carefully as I should 
desire), but I do not see that they deal with the precise point which we are 
going to investigate in our cowl experiments. There can be no doubt that in a 
number of cases the up-current in tubes is created by difference of density of the 
gases as you state, but there are also many cases in which the up-current is 
created simply by the passage of wind across the exposed upper end of the tube. 
This we proved in our previous experiments at Kew, where we got a very strong 
up-draught varying with the velocity of the wind when the temperature inside 
and outside the building was precisely the same. It is this ‘induced current” 
due to the action of the wind, which we are going to investigate. 

We intend to measure the velocity of the wind, also the corresponding 
velocity of the up-current, and ascertain if we can what relation the one bears 
to the other. This, as far as I know, has never yet been done. 

We are at present engaged in testing our air meters and anemometers, so as 
to obtain a reliable standard on which to work. The result of these experiments 
as far as they go, shows that these instruments as ordinarily used, are not to be 
much relied upon, and if we do nothing more than obtain correct data with 
reference to them, I think we shall be doing good service to the science of 
ventilation. 

What kind of air meters do you generally use for testing currents in ventila- 
ting flues ? 

Yours very truly, 
Rogers FIEvp. 


11, Rus Boissy p’ANGLAs, Paris, 
May 14th, 1879, 
Dear Sir, 
I received your letter 12th inst, also the paper; many thanks for it. 

1* M. Faré’s Report.—I do not know of any other means now but to write 

the same (M. Tissérand’s letter), and direct it, 
M. le Directeur général 
de Administration des Foréts, 
au Louvre, 
a Paris. 

Perhaps he will answer. 

2* Anemométres.—Here they measure the velocity of the current together 
with the diameter of the anemometer and calculate accordingly. But I doubt if 
the result is scientifically exact. 


Rerok 


ved the best anet 
ate Pauet. You - 
scata stating for \ 
“ithe object ve 
al h much good 
rare full of false 


VilL— 


| sme prelimin 
‘wt Leaf and Le 
zeae to the exper 
ih Apr —The 
wey and the size ¢ 
Lecedrauglt 
ena against dow 
crac with plain 
ttm, in whiek 
Ze los not exce 
Stel AF (40), 

‘salty proof 

a upblow by 
The illowing R 
AMOctber, 199 


lh order to pn 


“Saut be more t 
ie, (This 
Ih order to p 


a Ut be less | 
a 


Report on Cows AND TERMINALS. 225 


Some of the best anemometers here are made by M. E. Hardy, 6, Avenue de 
Tamothe, Piquet. You might write him and ask description and price of his 
instruments, stating for what object. 

I think the object you have in view has never been tested scientifically, and 
you will do much good by throwing light on the questions. Your papers, like 
Builder, are full of false notions and inventions on the subject. 


With much respect, 
Cus. JoLy. 


VII.—Sugar Loaf and Louvre Terminals. 


In some preliminary memoranda made by Mr. Field in 1897, as to 
Sugar Loaf and Louvre Terminals, the following notes appear with 
reference to the experiments :— 

19th April.—The length of the side (as long as it is more than 24 
inches) and the size of the top do not much affect the efficiency. 

Down-draught.—No plain Sugar Loaf can be constructed which will 
be proof against down-blow and fairly good against up-blow. The nearest 
approach with plain pipe is when the top is 65 per cent. of annular space 
at bottom, in which case it will be proof against down-blow as long as 
angle does not exceed 50°, and against up-blow as long as angle does not 
exceed 38° (40°?). When area of top is 50 per cent. of annular space it 
is completely proof against down-blow, and this can easily be made proof 
against up-blow by a ring fitted to the pipe below. 


The following conclusions as to Sugar Loaf Terminals were drawn on 
14th October, 1896, from a study of down-draught experiments :— 


* 
In order to prevent down-draught, Position A at 60° Ratio am 


must not be more than ‘50 (‘53 7), unless Sugar Loaf is a considerable height 
above pipe. (This is the reason of down-draught with diverging tube.) 

In order to prevent down-draught, Position B at 40° Ratio ae 
must not be Jess than °63, unless Sugar Loaf is a considerable height above 
Pipe. 

a ng es ee 2s 


* Col. 3 = area of top of Sugar Loaf; Col. 4 = area of annular space at bottom of 
Sugar Loaf, 
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It follows that Sugar Loaf cannot be made down-draught proof at 60° 
Position A and 40° Position B, unless Sugar Loaf is considerable height 
above pipe. 

The Sugar Loaf with top 4} inches diameter, bottom 74 inches, and 
side 18 inches long, is decidedly worse for Position A than that with side 
9 inches long, and no better for Position B. 


Louvres. 
Effect of lengthening Conical Louvres. 10th May, 1897. 


The lengthening of these conical louvres apparently affects the efficiency 
when the wind blows between the feathers more than it does when it blows 


against them, thus exactly reversing an, 
the action in the case of cylinder uy ©) 
louvres. In the case of between 


feathers also, lengthening improves the efficiency instead of diminishing it 
as in the case of cylinders. (Report, Table XXVII., pp. 349). 

Cpcast. Four Feathers.—The height of the louvre with 3-inch pipe 
should not be more than 3 inches. 

N.B.—The lengthening of the cylinder louvres especially affects the 
efficiency when the wind blows against the feathers. (This only applies 
to cylinders). With short cylinder Between is better than Against. 
With long cylinder Between is worse than Against. 

In order to get greatest efficiency two conditions seem to be necessary. 
(1) Area of top should be about equal to annular space at bottom; (2) 
Area of annular space at bottom should be 4 or 44 times area of pipe or 
diverging tube. 

It is a disadvantage to make the louvre too large. 

If above conditions are adhered to, but not otherwise, a 44 inch 
diverging tube gives about 6 per cent. better efficiency than a plain pipe. 

Four Feathers.—When the top of the louvre is reduced (as it must be 
to prevent down-draught from down-blow, see below), the efficiency is 
greatly reduced, and in this case also the reduction is much greater with 
wind blowing against the feathers than with wind blowing between. 

Down-draught.—A louvre with top about same area as annular space 
at bottom is subject to strong down-draught from down-blow. In order 
to prevent this, area at top must be reduced to 30 per cent. (or slightly 
less) of annular space, when it will be down-draught-proof with down- 
blow, and only subject to down-draught with up-blow when angle more 
than 45° (?). The efficiency with 6-inch bottom will be only 1:08 (?). 
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Conical Louvres: Four Feathers. 12th May 1897. 


Results of down-draught tests, 11th May, 1897, on louvres 7-inch 
diameter bottom, to a certain extent upset experiments with louvres 
6-inch diameter bottom made on 12th April, 1897, and show that with 

Top of louvre 
Annular space at bottom 
blow at 60° angle. Any ratio smaller than ‘23 is quite out of the question, 
as the efficiency would be so very low. The small-top louvre cannot, 
therefore, be made a first-class cowl as regards down-draught without 
covering, and if covering has to be adopted it will be better to use a 
large-top louvre, as the efficiency will be much better. It is, therefore, 
not worth spending time on small-topped louvres in trying to effect small 
improvements in them by increasing the number of feathers or putting on 
fillets. 

Top of louvre 

Casthe-othor hand, Annular ae at bottom 
draught-proof from down-blow with angle 54°, and from down-draught 
from up-blow at an angle of nearly 50°, so that it is a fairly good working 
and simple terminal with four feathers. 


= ‘23, 6-inch bottom is not proof from down- 


= ‘28 will be down- 


Down-draught. 18th May, 1897. 


Comparison of 3-feathered louvres with 4-feathered louvres.—A comparison 
of the down-draught curves for 3-feathered louvres, with down-draught 


. Top of louvre = 
curves for 4-feathered louvres, shows that with Fonmular space al bottom 


‘50 and above, the curves for the 3- and 4-feathered louvres appear to 
Top of louvre 
Annular space at bottom 
‘50 the curves differ, especially the up-blow; the 3-feathered louvres 
being rather better than the 4-feathered louvres with down-blow, and 

much worse than 4-feathered louvres with up-blow. 


agree. On the other hand, with = less than 


Louvres. 6th July, 1897. 


Experiments of 6th May show that with a small-topped louvre wind 
blowing against feathers, the best result is got when the louvre is 1} ins. 
deep, and the worst when 3 ins. deep. When blowing between feathers 
the best result is when louvre is 3 ins. deep, and worst when 1} ins. deep. 
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The above is confirmed by experiments of 21st May, 1897, when with 
wind blowing against feathers the best result is obtained at 2} ins. deep 
and worst at 4 ins. deep. 

With wind blowing between feathers the depths apparently make not 
much difference. 


Large Topped Louvres. 


Wind blowing against feathers, practically no difference between 
1} ins. and 3 ins. deep. 

Wind blowing between feathers, practically no difference between 
1} ins. and 3 ins. deep. 

Experiments of 26th March, 1897, seem to show, by comparing against 
and between, that top of louvre must be large enough to take discharge 
from pipe plus the entry at bottom of louvre; also that a louvre is spoilt 
by making it too large. 


HeEicut or Louvres. 14th August, 1897. 


Index Number of 
Experiment. 


5528 to 5542. 3 Feathers.—With 4}-in. top, 6-in. bottom over 3-in. pipe, 
height of louvre between 1} ins. and 6 ins. makes no 
difference in efficiency. 

5968 to 5979. 4 Feathers.—With 5}-in. top, 6-in. bottom, height of 
louvre between 14 ins. and 3 ins. makes no difference. 

5824 to 5827. 4 Feuthers.—With 6-in. cylinder efficiency diminishes 
when height increased from 3 ins. to 6 ins. 

6012 to 6019. 4 Feathers.—With 7}-in. top, 9-in. bottom, over 4}-in. 
and 18-in. diverging tube 4} ins. high, is not so good 
as 3 ins. high. 

6020 to 6927. 4 Feathers.—With 9-in. cylinder over 44-in. and 18-in. 
diverging tube 4} ins. high is not quite so good as 
3 ins. high. 
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PART II—STANDARD CURVES. 


THE PREPARATION OF STANDARD CURVES FOR DETERMINING 
THE FLOW OF AIR THROUGH A PIPE, FROM READINGS 
OF AN AIR METER PLACED IN THE PIPE. 


THE method adopted by the Committee for their work in comparing 
Cowls was to ascertain by means of the readings of air meters the flow up 
vertical tubes surmounted by the cowls in question. The first part of the 
investigation was, therefore, to test the readings of the air meters em- 
ployed, in order that the results derived therefrom might be made really 
comparable one with another. 

Corrections for these instruments are generally given by the makers. 
It is usual to adopt a single number, to be added to the readings of the 
instrument, intended to represent the allowance that must be made for 
friction, etc. The following scries of corrections for the air meters used by 
the Committee (Table I.) was furnished by Mr. Lowne, the maker. The 
corrections were apparently determined by mounting the instrument at the 
extremity of the arm of a whirling machine, and comparing the length of 
the path described by the instrument on the whirler with the corresponding 
indication of the instrument itself. Specimens of the experiments upon 
which the corrections were based are given in Table II., p. 231. 

At the Kew Observatory (now the National Physical Laboratory) tests 
of these instruments are carried out in a similar manner; and in response 
to a request from the Editor, Dr. Chree, the Superintendent of the Ob- 
servatory Department, kindly supplied the following account of the general 
results of the tests of air meters at Kew, with a note of the test of one of 
the meters belonging to the Cowl Committee. 

“T have looked into some of the more recent data obtained in the 
“verification of air-meters. Of late years the practice has been to take 
“as the independent variable the velocity recorded by the meter, and to 
“chronicle the percentages of the true velocities, as deduced from the 
“counted revolutions of the revolving arm. The observer really draws a 
“curve to fit the observed values, and deduces therefrom figures answéring 
“to velocities of 30, 40, 50, or other round number. For a very exact 
“inquiry it would be better to have recourse to the actual observation 
“data, but I have not thought it necessary to do this. A glance at the 
“data shows that at high velocities the ratio borne by the recorded 
“velocity to the true velocity approaches an asymptotic value, and at 


Rep 
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Te 
Table I.—3-in. Air Meters. aes 
f of 
Table of Corrections for Air Meters. “iv pete 
Taken from separate Tables specially prepared by maker on printed forms. 
No. 619. No. 611. No. 620. No. 4468. gee 
The fan begins to move at | The fan begins to move at | The fan begins to move | The fan begins to move a 
about 58 feet per minute. | about 58 fcet per minute, at 60 feet per minute. at 60 feet per minute. — = 
_—_—$— $A $$ ee AT 4 
; r C i Cc Correoti a i 
Nolocity | for velocity | Velocity, | torveloctey | ,Veleelty | torvelocity | Velocity, | sop velocity wot 
meter per shown by meter per shown by meter per shown by meter per shown by 7 
minute. meter per minute, meter per minute. meter per minute. meter per ig * 
J minute. minute. : minute. minute, 
Feet, | Feet. Feet. Feet, Feet. Feet. Feet. Feet 
20 i + 53 20 + 53 + 57 20 + 57 
40 + 50 40 + 50 40 + 54 40 + 56 
60 + 48 60 + 48 60 + 52 60 + 54 
80 + 468 80 + 46 80 + 49 80 + 52 Tos logh Air 
100 i + 44 100 + 44 100 + 47 100 + 51 ke, No, 619, 
120 1 120 120 120 
140 : 140 140 140 : 
160 ; 160 160 160 Teeloch Air 
180), 180 180 180 ta, No.l. 
200 + 41 200 + 41 200 + 37 200 + 47 
220 220 220 220 
40 240 240 240 ed 
260 f 260 260 260 “deties abor: 
280 280 280 280 “ates above 
300 + 389 300 + 39 300 + 33 300 + 46 “tt dy appear 
320 320 320 and above ‘an 
340 a a lout anv a 
360 . aa 
380 | 880 380 mT an 
400 + 38 400 + 38 400 + 28 “tantain that 
420 420 420 Satie 8 
440 be 440 oUatons, C 
460 460 ty ree 
480 480 | 480 “ety 
500 | + 37 500 | + 97 500 | + 27 ‘etre veloc} 
52 1 fn ' 5! he 
540 840 540 te ettremes y 
560 560 “athe sama ¢. 
58) | 580 580 ‘ete fi 
60) + 36 600 + 36 600 + 26 We the true 
and above and above and above “ett of the 
Add per , Corrections for Air Meters pasted by maker into box. imled the 
minute | i “Wk the a, 
to the iS 
eee | 40 40 30 46 mag inty 
of the | Ut ner oy 
ir ities 
Meters. ten Fl 
Tr 
hee BR 
Not«.—Each instrument is now regulated so as to reduce the correction to ® constant quantity per minute, ed & 
which must be added as in the example given. gy 
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Table II.—3-in. Air Meters. 


Table of Experiments made with the Whirling Machine 
at Mr. Lowne’s workshop, Leicester House, Finchley, 14th September, 1878. 
(Book AA,, page 15.) 


INSTRUMENT. WHIELER. i 
— rs SEES gates Sg aa 
= Dist: Distan: ‘ ' 
Pere pdee: 3 g ornate of instrument ‘travelledeach Number of _ Feet per 
instrument. | E 4 in feet. trom axis pli ace revolutions. | minute. 
‘ { 
: ' 
| Three-Inch Air 1 261 3°98 25 12 30) 1 
Meter, No. 446. 1 258 3:98 | 25 12 300 
1 561 3°98 25 24 i 600 
1 564 3°98 25 24 600 ; 
| Three-Inch Air 1 572 3-98 25 24 86; 600 
Meter, No. 619. 1 | 263, 3:98 25 12 : 300 
1 263 3°98 25 12 ; 300 
1 
Three-Inch Air 1 260 3:98 25 12 300 
Meter, No. 611. 1 570 348 25 24 : 600 
1 566 398 : 25 24 6J0 


“velocities above 500 feet per minute the variation in the ratio is small. 
“It also appears that at the higher velocities the average air-meter 
“(without any addition of 30 feet per minute) recorded somewhat too 
“much. [I am not prepared, without more minute investigation, to 
“maintain that this may not be due, in whole or part, to the testing 
“conditions.} On an average 2,000 feet was recorded, when the supposed 
“true velocity was 1,916 feet; t.e., the meter recorded 104°4 per cent. of 
‘the true velocity. Amongst the air-meters whose records I examined, 
“the extremes were 86 per cent. and 122 per cent. To put all the meters 
“on the same footing I first assumed that each at 2,000 feet per minute 
“gave the true velocity. For instance, if one really recorded 122 per 
“cent. of the true velocity when recording 2,000 feet per minute, I 
“divided the percentage given for each lower velocity by 122, and then 
“took the mean of the results thus found; then converting the per- 
“centages into absolute velocities I found the following results (velocities 
“in feet per minute) :— 


Velocities ) 
by meter. j 49 50 60 70 80 90 100 120 150 200 250 300 400 500 690 1,000 1,500 


True ) 7 % 9 5 
velocities. )8 88 94 104 118 127 130 160 179 225 281 326 426 520 621 1,916 1,508 


Errors (all) 5 ‘ s 
ueguticay ;43 38 34 31 38 97 30 40 29 2% Sl 2% 2% 2 2 16 8 
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“If, now, we apply a correction of + 30 according to the usual 
“instructions, we are left with the following errors :— 
g 


-13-8-4-4 -8 -7 0-10 +1 +5 -1 +4 +4410 +9 +14 +22 


‘Perhaps the more natural (though less instructive) way of using the 
“figures would be to compare the recorded and true velocities for each 
“meter separately, without taking account of the size of the asymptotic 
“ratio at high velocities. I have not taken the trouble to do exactly this, 
“but have made a calculation coming to pretty much the same thing; 
“employing the mean percentages, assuming that they answer to a mean 
“meter recording 4:4 per cent. too high when recording 2,000 feet per 
“minute. In this way we get the following figures :— 


Dy estes ;49 50.60 70 80 99 100 120 150 200 250 300 400 500 600 1,000 1,590 2,900 


Adding 30. 70 80 90 100 110 120 130 150 180 230 280 330 430 530 630 1,030 1,530 2,030 


True . wo o18 7 
Velocity. | 80 84 90 109 113 122 125 153 172 216 269 312 408 498 595 973 1,444 1,916 


Error. -10-4 0 O -3 -2 +5 -3 +84144+114+18+22+324+35 +57 +486 +114 


“Tn all, thirty meters were included, but at many points there were 
“data for only a minority of these, most being compared at only seven or 
“eight velocities. Thus the results are imperfectly smooth. Some seven 
“tor eight were ‘Biram’ anemometers; these gave, if anything, a trifle 
‘higher percentages than the ‘ordinary,’ but nothing to be sure of. There 
“were in three cases data answering to a recorded velocity of 30 feet per 
“minute, when percentages are given as 32, 45, and 27 respectively; 
“clearly friction comes in more largely at such low velocities, than 
“according to the correction of 30 feet per minute. Mr. Rogers Field’s 
“4-inch air-meter was last tested here some seven or eight years ago, 
“with the following results :— 

Rate by meter. .......seeseeee 60 70 80 100 250 300 600 1,000 1,500 2,000 

Percentage of true velocity. 68 76 78 87 100 103 106 109 110 111 


“This, I understand, was after it had been supplied with lighter fans 
“than it originally possessed.” 

In this connexion it should be noticed that an air meter may be used 
in two very distinct ways: first it may be freely exposed to a current of 
air that is quite unconfined, or limited only by a large air grating. In 
this case, the presence of the meter offers no appreciable obstruction to 
the general flow of air through the grating, of which it only covers a 
small part, and what the air meter is intended to record is not the flowzof 
air actually passing through the ring of the meter, but what would pass 
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through the corresponding space if it were not obstructed by the meter. 
Hence the appropriate correction to the dial readings should compensate 
for the obstruction which the meter offers to the flow of air through its 
own ring. The second way of using the instrument is to place it within a 
tube of the same area approximately as the ring of the meter, and in this 
case the meter offers a resistance to the flow of air through the tube, 
and seriously affects the flow, in consequence of the fact that the ring 
and the boss of the whirler occupy an appreciable portion of the area of 
the tube through which the air flows. Hence corrections based upon 
measurements on a whirler and suitable for the first method of using a 
meter are not by any means suitable for the instrument used in the 
second manner. 

The difference in the numbers obtained with an air meter, according 
as it is used in the one manner or the other, may be illustrated by the 
numbers in Table III. exhibiting the results obtained, probably by Mr. 
Dines at Hersham in 1888. In these experiments the run of a whirling 
machine is compared with the readings of the anemometer carried on the 
whirler, corrected first by the corrections specially drawn up from the 
experiments with tubes and gasholders (column 12 of the table), and 
secondly, with the maker’s corrections (column 13). It will be noticed 
that the smaller air meters give readings agreeing with that of the whirler 
within 10 per cent. at the most where the maker’? corrections are taken, 
and 18 per cent. is the smallest difference when the curves constructed 
for air meters in tubes are used to interpret the readings. 

The Cow! Committee used the meters after the second method, and 
rightly thought it desirable to carry out special tests of the Air Meters for 
their investigations. They based their tests upon the records of the Air 
Meters placed in tubes along which known volumes of air were passed 
from, or into, graduated gas-holders. 

From experiments of this description a diagram of curves, known as the 
“Standard Curves” (which is reproduced in Diagram 5, page 235) was 
constructed for the smaller Air Meters, and another corresponding 
Diagram 6 (reproduced on page 236), for the larger ones. Qn these 
curves the base was “ Register feet per minute,” that is, the number of 
feet run recorded on the dial of the instrument; and the vertical was 
“Actual velocity feet per minute through inside ring of Air Meter.” By 
their means the readings of any one of the Air Meters can be reduced to 
actual velocity of air through the ring of the Air Meter, and then by 
calculation to actual velocity along the tubes. These curves represent the 
results of a very large number of experiments which may be groupe! as 
follows :— 
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38-inch Air Meters. 


The Experiments were all made in the 


(Revised Mar. 1st, 1894. See also Table 5.) 
same month and-under unifurm conditions, 


actual Velocity through ring of Air Meter, 
plotted from Draw In Experiments made at 


Canron Row in June, 1884. 


on 2°7-in. Air Meters tixed between two Tubes 
2:7-in. in Diameter (see Sketch below). 


Standard Curves for correcting 


Diagram 5. 
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(1) For 27-inch Meters.—In 1884 experiments were made at Mr. 
Field’s office in Cannon Row with a gasholder of 11 cubic feet capacity, 
by drawing in and expelling air through the smaller Air Meters fixed 
in a tube communicating with the holder. Experiments in which air 
was drawn in are referred to hereafter as “Draw in” experiments, and 
those in which air was expelled as “Blow out” experiments. In the case 
ofthe smaller air meters, only the “Draw in” experiments were used for 
constructing the curve represented on Dia- 
gram 9, p. 235. 

(2) For 6:1-inch Meters.—In 1880-81 ex- 
periments were made at King’s Cross Gas 
Works with a gas holder of 120 cubic feet 
capacity, by drawing in and expelling air 
through the larger (6:l-inch) air meters fixed 
in a tube communicating with the holder. In 
this case both “Draw in” and “ Blow out” 
experiments were made use of for constructing 
the curve (Diagram 6). 

In 1884 special temperature experiments 
were made at Cannon Row by drawing in air 
through the larger air meters attached by 
means of a converging tube to the outlet of 
the small holder. 

(3) To obtain indirectly accurate curves for 
the 6'1-inch meters.—In 1886-87 experiments 
for comparing the readings of the larger and 
smaller air meters were made at a Hut in the 
Old Deer Park, Richmond, by observing the 
effect produced upon the registering dial by 
the natural wind blowing over the open end 
ra _— of a tube in which the smaller air meter was 
fixed above the larger one. The passage of 
the air from the aperture below was directed 
to the smaller aperture above by means of a 

‘Diagram 7. converging tube. The superposition of the 
smaller air meter is shown on Diagram 7. 

Many other experiments were made for the purpose of testing the 
smaller meters at Messrs. Sugg’s Works in 1879-80, and 1881-2, but as 
the results obtained from them were not used for the final curves, they 
will be referred to in what follows as preliminary experiments. 
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PREPARATION OF STANDARD CURVES FOR CONVERTING REGISTERED 
Run into AcruaL VELocity, 2:7-1nca AtR METERS. 


The 27-inch Air Meters, used for the Cowl experiments, were bought 
in 1878 from Mr. Lowne, anemometer maker. They were constructed in 
the following manner (see Diagram 8, facing page 240):—The fan revolved 
on jewelled centre midway in a brass tube 2°7 inches in diameter, 1°3 inches 
in length. This fan had 8 metal blades, the inner parts of which over- 
lapped the centre boss to the extent of 54 of an inch. The bearing was 
fixed in position by three brass stays s!; of an inch wide. The motion of 
the fans was conveyed to the dial by means of the mechanism in the circular 
box, which was supported by a tube 27-inch diameter, encasing the con- 
necting rod. The mechanism in the box consisted of the vertical axis of the 
fans, the upper portion of which was an endless screw, which transmitted 
its motion to a cog-wheel on the horizontal connecting bar. The lever 
disconnected the worm-wheel from the spiral on the axis and threw the 
worm-wheel in or out of gear. 

A number of measurements were taken, probably in 1889, to ascertain 
the run of the vanes of the meters compared with the linear indication of 
the dial. From these experiments it appears that the recorded linear run 
would correspond to the run of a point intermediate between the centre of 
a vane and its outer extremity. The particulars of the different meters 
are as follows :— 


No. of Meter. Diameter of ring enclosing! Diameter of circle which 


fan-wheel. | gives recorded linear run. 
In, In. 
446 270 2:25 
611 2:70 2-21 
619 2°70 2:27 
620 2:70 2°27 


The diameter of the fan between the centres of opposite vanes is 
1:85 inches. 

Preliminary Experiments.—A_ long series of preliminary experiments 
on the 2°7-inch meters were made at Messrs. Sugg’s Works, Vincent 
Street, Westminster, in 1879-80, by blowing out a known quantity of air 
from a 10 ft. experimental gas-holder through a 3-inch tube, at the end 
of which the Air Meter was fixed, and then calculating the volume of 
air transmitted through the meter, and comparing this with the numerical 
product of the velocity registered by the instrument and the diameter of 
the tube. The gasholder was adjusted by weights over a wheel, so that 
a regular flow of air could be expelled. To the outlet pipe there were 
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three stopcocks, two above and one below. A pipe, two inches in diameter, 
was fixed to the outlet at the lower stopcock, bent into a vertical position 
and then carried horizontally along for a short distance, when it was 
attached by a cone 9 inches in Jength to a horizontal tube 2 inches in 
diameter. The Air Meter to be tested was fixed to this’ horizontal tube, 
and at the expiration of each minute or half minute (the usual duration 
of these experiments) the dial reading was noted. Curtains were hung 
on two sides of the holder to keep away draughts. A sketch of the 
gasholder and connections is given in the illustration of the candle flame 
experiments (Diagram 29, p. 292). 

In carrying out these first experiments it was first assumed that the 
usual mode of correction with the numbers supplied by the makers was 
substantially right, but this assuinption gave erroneous results for air 
meters fixed in tubes (see p. 232). The velocity was then treated as 
referring to the whole area of the guard-ring of the instrument, when it 
was found that the instrument registered more instead of less than the 
results thus obtained, and the correction varied enormously with different 
velocities instead of being constant. On the other hand, it was found that 
if the clear annular space of the meter (deducting the centre boss and 
other obstructions) was used for calculating the velocity, something more 
nearly approaching the maker’s results could be obtained. In these first 
experiments, therefore, the velocities were calculated by taking the clear 
annular space of the meter, giving 34:7 lineal feet for 1 cubic foot, and 
the results were reduced by taking the difference between the calculated 
(gas-holder) velocity and the calculations from the register of the air 
meter in feet per minute. Subsequently, however, reductions were made 
in which no deduction was made for the boss, but the full area was used 
giving 25°15 lineal feet for 1 cubic foot. The results of these experiments 
were plotted on the following curves. (Diagrams 9, 10, 11, and 12, pp. 
240 to 243.) 

These curves show very considerable irregularities, and ultimately, as 
will be seen, the results were not used in compiling the final curves, but 
without further investigating the causes of the irregularities the Committee 
proceeded in 1880-1881 to make experiments upon the larger meters with 
a large gasholder at King’s Cross Gas Works. These gave even more 
unsatisfactory results than the experiments with the smaller meters, and 
the Committee had to report that the use of the larger meters should be 
abandoned, and that for the smaller meters sufficiently accurate results 
could not be obtained without further investigation of their action. 
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Accordingly, experiments at Messrs. Sugg’s Works were taken up 
again in 1881-2, from which it became apparent that irregularities similar 
to those which appeared in the results could be accounted for by the 
effect of draught, differences of temperature, and other small disturbing 
causes, of which no account had been taken in the original experiment. 
In order to have the conditions of the experiments more directly under 
control, a special arrangement was set up in Mr. Field's office in Cannon 
Row in 1884, where, under conditions for uniform testing with “draw in” 


Curve plotted in 1893 from “ Blow Out” experiments at Sugg’s Works, 
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Meter No. 446. 


Diagram 9. 


Diagram 8. 
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Curve plotted in 1893 from “ Blow Out” experiments at Suggs Works, 
1879-80, on 2°7-in. Air Meters, Each dot represents an average of about 
3 erperiments. 


Meter No. 611. 


Diagram 10. 


experiments, a consistent reading of 292°1 on the meter for 9 cubic feet 
of the gasholder, or 226°8 lineal feet through the full orifice of the ring 
of the meter was obtained. This result which is called the “standard 
draw in register” for Meter No. 446, was used as a basis in discussing the 
second series of experiments at Messrs. Sugg’s Works (1881-2), as well 
as those at Cannon Row (1884). The two may almost be regarded as 
one series. There was, however, as a matter of fact, a considerable 
interval of time between them. The contributions to the final results of 
the two sets of experiments are indicated in what follows. 

The experiments at Messrs. Sugg’s Works in 1881-82 supplied a 
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number of measurements under very varied conditions. They included 
a few “blow out” as well as a large number of “draw in” experiments, and 
also experiments when the tube was covered with a cap, or otherwise 
partially blocked by some special contrivance. Using the “standard 
draw in register” subsequently determined as the basis of comparison, 
the results obtained may be described as follows. 

In the case of experiments under ordinary conditions the average 
register of 242 experiments was 0:7 per cent. above the standard, whereas 
the average register of 279 experiments under special conditions (such as 
blowing across the mouth of the tube with bellows, placing a cap in 


Curve plotted in 1893 from “ Blow Out” experiments at Sugg’s Works, 
1879-80, on 2°7-in. Air Meters. Each dot represents an average of about 
3 experiments. 
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Curve plotted in 1893 from “ Blow Out” experiments at Sugg’s Works, 
1879-80, on 2°7-in. Air Meters. Each dot represents an average of about 
3 experiments. 

Meter No. 620. 


Diagram 12. 


front, &c.), was as much as 2:2 per cent. above the standard. Experi- 
ments were made to show the effect of blowing on registration in the 
case of “ Draw In” experiments and of “ Blow Out” experiments, 9 cubic 
feet of air (= 226°8 lineal feet through the tube) being drawn into 
or blown out of the holder in each experiment. The results of the 
experiments * were averaged, and maximum and minimum registrations 
tabulated. These showed that in the case of “Draw In” experiments the 


* This refers to experiments at Sugg’s Wo-ks, 188!-2, the details of which are preserved, 
but are not used in the final results. 
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percentage range was 5:8 without blowing and 7-1 with blowing, whereas in 
the case of “Blow Out” experiments the range of difference without blow- 
ing was 2°4 and with blowing only 2-2. Further, a series of “ Draw In” 
experiments was made to ascertain the effect of placing a loose cap 7} inch 
diameter over the end of the 4-inch delivery tube (1) when the entrance to 
the cap was left free, but the cap moved so as to place the tube in different 
positions in the cap, and (2) when the entrance to the cap was partially 
blocked in different ways, and the cap moved so as to place the tube in 
different positions with regard to it. In these experiments 9 cubic feet 
(=226°8 lineal feet) of air were drawn into the holder, and tubes either 
4 inches or 13 inches in length were adjusted in front of the air meter. In 
the case of 4-inch tubes, the register of the ‘air meter varied by the range of 
12:3 per cent. when cap was not blocked, and by 16:4 per cent. when cap 
was blocked ; in the case of 13-inch tubes in front, the range was 10 per 
cent. when the cap was not blocked, and 21-9 per cent. when blocked. Some 
experiments were also tried to ascertain the effect of caps concentric 
and co-axial with the tube. These experiments showed that caps such as 
those used did not prevent the influence of draught, and did not make the 
readings of the air meters regular. 

Experiments were also tried with fanning so as to produce artificial 
draughts in front of the instrument, also with paper tubes turned at 
different angles so as to direct the air in different directions into the 
meter, but no conclusive results were obtained in this way. 

In order to ascertain whether the irregularities in the results of the 
experiments at Messrs. Sugg’s Works were due to the defects in the 
air-meters, or to defects in the method of testing them, an experimental 
gasholder was specially fixed in one of Mr. Rogers Field’s rooms at 
5, Cannon Row, Westminster, in April 1884. The apparatus and 
arrangements were thus much more under control, especially as to 
draughts and as to heating up and cooling down the air in the room and 
the water in the holder, so that more careful experiments could be trie¢ 
than was possible in the large workshop at Messrs. Sugg’s Works. 

The gasholder for the tests at Cannon Row, which was 11 cubic feet 
in capacity, was made by Messrs. Parkinson of Westminster, and consisted 
of a cast iron tank containing water, and a holder which moved vertically 
up and down on supporting columns. To ensure regularity of movement 
the holder was fitted with a cycloidal lever carrying a weight. A 2-inch 
pipe communicated with the holder and had a stopcock. From here a 
zine coning piece, 3 feet long, was attached to a short brass tube fitting on 
to the 2°7-inch diameter ring of the air meter. In order to admit the air 


; 
wer tile, g 


Ste lay Was 
CEmENION 
vote drawin 
Draw In 
Biss Ow 
dter preli 
Sean 
t deincl 
we for con 
Tah the 1 
ly add di 


Teas used, 


ety iiferen 
“ze ith and 
‘envea and 


“= Tater and t 
"stan! tha 
Setments wa 
ie Water, 

"Bow Oy 


te . 
“ls given ; 


Sneed 


Tapes d 
boy 


Ro Wate, 


‘Tha fy 


ee | 
Sertent, | 
§: 


“ru 


der Uelts, 
¥ 


Th Benen 
xi the bokder 
: teed Was tN 


Report on Cows AND TERMINALS. 245 


to the instrument equably and without draught, a box 1 foot 3 inches square 
and 2 feet 6 inches long with fine gauze screen on the open end was fitted 
around the second small brass tube fixed to the side of the instrument 
furthest from the holder. The box and instrument were supported on a 
wooden table, and a curtain placed over the box. The gauze on the end 
of the box was 11 inches away from the wall. Displacement of the water 
by immersion of the holder was allowed for in the rating of the holder, 
te., the drawing of the scale so that 9 cubic feet exactly was drawn in in 
the “ Draw In” experiments, and 9 cybic feet exactly was blown out in 
the “ Blow Out” experiments. 

After preliminary trials regular “ Draw In” experiments at Cannon 
Row began in June, 1884, and were made under uniform conditions, with 
the four 3-inch air meters (2°7 in. internal diameter), in order to plot a 
curve for converting register in feet per minute into actual velocity 
through the ring of the air meter. 

To avoid draughts the box with gauze side fixed on the end of the 
tube was used. In order to correct the register of the air meters for 
slight differences of temperature special experiments were made on 
June 6th and 7th, 1884, with Air Meter No. 446, by artificially heating 
the room and cooling the water in the gasholder, or vice versa. In this 
way differences of temperature amounting to 24-4° were obtained between 
the water and the room. When the room was hotter than the water, it 
was found that the registration both for “Draw In” and “ Blow Out” 
experiments was greater than when the room was at the same temperature 
as the water. The amount of the difference in the registration was less in 
the “Blow Out” experiments than in the “Draw In”; the following 
table is given as an example, for the same volume of air :— 


Temperature of Temperature of 
Room below Meter Reading. Room shove Meter Reading. Difference. 
that of Water. thut of Water. 
I 

“Draw In” 
Experimente. 

ge 287°4 15° 3014 140 
“Blow Out” 
Experiments. 

g° 295°6 15° 802:9 73 


The difference in the readings also depended on the rate of flow of air 
into the holder, being greater when the speed was slow, and less when 
the speed was rapid. Thus when the 9 cubic feet passed in about half a 
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minute, the registration varied from 298-0 feet to 303°6 feet (5°6 feet), 
when 9 cubic feet passed in about one minute, the registration varied from 
304 feet to 287:2 feet (16°8 feet), and when in about two minutes, the 
registration varied from 298 feet to 266 feet (32-0 feet). 

The explanation of the effect caused by the difference between the 
temperature of the room and that of the water was clearly as follows: when 
the room was warmer than the water, the air drawn into the holder was 
cooled and occupied less space, so that more than 9 cubic feet had to pass 
the air meter in order to fill the holder, consequently the registration was 
more. On the other hand, when the room was colder than the water in the 
holder, the air drawn into the holder was warmed and occupied more space, 
so that less than 9 cubic feet had to pass through the air meter in order 
to fill the gas-holder, consequently the registration was less.* 

The same explanation also applied to the “ Blow out” experiments, 
the only difference being that in these the change of temperature of the 
air which affected the registration could only take place while the air 
passed through the pipe between the holder and the air meter, whereas in 
the “ Draw in” experiments the change could take place after the air had 
passed through the pipe and was resting in the holder in contact with the 
water. Consequently the air in the “ Blow out” experiments had less 
opportunity of changing temperature than in the “ Draw in” experiments, 
and therefore did not change so much, and the effect on the registration 
was not so great. The different period of time available for an alteration 
in the temperature explains why the effect produced on the register was 
greater in the slow than in the quick speed of the holder. In the case of 
“ Draw in” experiments, when the speed of the holder was slowest (120 
seconds to rise), the difference in registration, due to the room being 15° 
warmer than the water in the holder, was about 3 per cent., and when the 
speed of the holder was considerably more (four times as much), viz.: a 
rise of holder in 30 seconds, the difference of registration was only about 
1} per cent. 

In the actual experiments from which the corrections for the 2°7-inch 
air meters were obtained, the difference of temperature never exceeded 
33 degrees, and was generally considerably less. The difference of regis- 
tration, due to 3} degrees, was only 4 per cent., and this was allowed for 
in the reductions. . 


* The theoretical correction corresponding to a change of 10 per cent. in the tem- 
perature between the meter and the gashulder, would be about 2 per cent.—[W. N. S.} 
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In the case of “ Blow out” experiments when the speed of the holder 
was slowest (120 seconds to sink), the difference in registration, due to the 
room being 15 degrees warmer than the water, was less than two per cent. 
or two-thirds of that in the case of the “ Draw in” experiments. 

When the speed was faster, viz., a discharge of the holder in 60 
seconds, the difference of registration was 1} per cent., or half that in the 
case of the ‘“‘ Draw in” experiments. In the actual “ Blow out” experi- 
ments the difference of temperature was never more than 44 degrees, and 
generally much less. The difference in registration due to 44 degrees 
is 4 per cent. 

The results of the special series of experiments made on 6th and 7th 
June, 1884, with air meter No. 446 were plotted on a curve, from which 
was prepared Table IV., showing the multiplier with which to correct the 
register for differences of temperature of room and water. 


Table IV.—Draw In Experiments at Cannon Row 
in 1884. 


2-7-in. Merer No. 446. 


Table of Corrections for Differences between the Temperatures of Room 
and Gas Holder. 


9 Cubic Feet of Air drawn into Gas-holder in 60 Seconds. 
From Curve of Experiments on 6th & 7th June, 1884. 


| ; Multiplier Multiplier 
Ro | Register Rati to correct R R : to correct 
differs. (on H i ee | of r peciates [or differs freak ee | Bead Ere iadeal _ 
Water. | Curve. Registers. Temperature] Water. Curve. Registers. |. lciparatire 
in Col. 1. in Col. 1. 
— 10° | 287-00 985 1015 + 1° 291:70 1:002 998 
— 9° | 28735 |  -9n6 rola | + 2° | 29220 | 1-003 997 
— 8° 28775 988 1012 + 3° 292-70 1005 "995 
— 7° 283°10 “989 1011 + 4° 293°25 1007 993 
Sai ee ag Caras a mer me? 
— § "95 992 + 294° 939 
— 4° 289°35 993 1:007 + 7° 29500 1013 987 
— 8° 289-80 “995 1:005 + & 295°70 vols 985 
— 2° 290°25 907 1003 + 9° 296°35 Lul7 J83, 
= . caree ay : a + 10° 297°10 1-020 980 
2 ow “00 U0 


The results of the “Draw in” experiments at Cannon Row, upwards of 
500 in number, were entered in Table V., p. 248. 
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In illustration of the data from which this table is compiled one 
example has been selected at random, from Summary Table No. 3, which 
is not printed. 


| | Hold , ; Temperatures. | Re 
hail Average. cabie. Av) PTeraee oe ee diffars from 
| | feet, Room. | Average. | Water. Average. | Water. 
278 9 | 120 62 AOA 
28 ' 9 | 120 | 62 | , 50 
9 ' 121 ' 62 59} 
7 9 | 120 | : 62 AY 
282 9) 119 | : 62 | a 
—279:0 | —9 —1200 ——620° | -—|—595° | 425° 
z3 oe eet le 
279 9 | 119 i 92 594 
eee: 
ot 2 vu. 
—2796 |—9 | ———1201 | —620° | —|-595° | 425° 
278 ae ee : 62 60 
279 9 | 121 62 60 
25 9 | 120 62 60 
279 9) 21 | 62 | 60 
2 122 | | 62 60 
—2784 | —9 —121-0 —62:0° | ———60,0° | +20» 
279 9 123 2 | 60 
278 9 | 118 62 60 
280 9 | 120 62 | 60 
2a 9 | 120 «82 | 69 
28 ' 9 | 120 62 60 
ee 9 | | ie — —620° | ——600° | + 20° 
71 9 | 1206 | ~ 62-0° © 5980 | + 2-20 


From col. 7 and col. 14 of Table V. curves for each of the 2°7 inch 
air meters were plotted, entitled “Standard Revised Curves, March Ist, 
1894, from experiments made at Cannon Row in the same month, and 
under uniform conditions, on 2°7 inch Air Meters.” These curves (see 
P. 235) were used in carrying out the reduction of the dial readings of 
the 2:7 inch Air Meters used for the experiments upon Open Pipes, 
Cowls and Terminals at the Old Deer Park. 

An examination of these curves was made in July, 1899, in order to 
compare the corrections to the dial readings for the several instruments 
at different speeds, and a diagram exhibiting these differences was prepared. 
The corrections for Nos. 611 , 619, 620, go very closely together from + 20, 
the difference applicable to a dial registration of 20 ft. per minute, to 
160 at a dial registration of 625 feet per minute and the curve turns 
slightly away from the vertical axis, or axis of correction values. 
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6-in. Current Meter. 
Tested at King's Cross ; used at Stage and Hut. 


SSS SS 


Diagram 13. 
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PREPARATION OF STANDARD CURVES FOR CONVERTING REGISTERED 
Ruy into Actua Vecociry. 61-1nca Air METERS. 


The 6:1 inch air meters used for the cowl experiments were bought 
in October, 1879, from Mr. Lowne, anemometer maker. The Committee 
determined to use an improved form of air meter, and accordingly a 
design was prepared for an instrument as shown on Diagram 13. ‘The 
chief consideration in the new design was to have a very small obstruction 
in the centre boss (the usual form of air meter had a large obstruction 
in the centre); the next point of importance was to have the supporting 
bars to offer the minimum resistance; and generally to make the instru- 
ment as simple as possible. 

The construction of the instrument will be seen from the Diagram ; 
there is a brass ring at the centre carrying vulcanite vanes and having a 
dial at the top for readings. The vanes are supported by the chamfered 
bars and communicate with the counting gear by a spindle running along 
the upper half of the bar. The small box in the centre contains the 
bevel wheel gearing to connect with the registering dial. The dial is 
made to register in feet linear, and a correction is supplied by the maker 
from experiments made on a whirling machine. 

In order to plot curves for converting the register into actual velocity 
through the ring of the air meter three series of experiments were made, 
viz., experiments at King’s Cross Gas Works, 1880-1881, at Cannon Row, 
1884, and at the Hut in the Old Deer Park, 1886-1887, respectively. 


Experiments at King’s Cross Gas Works. 


In order to carry out the work of testing the 6-inch meters in a 
similar manner to that used for the 2-7-inch air meter tests, it was 
found necessary to have a much larger experimental “holder” than the 
10 cubic feet holder which had been used at Messrs. Sugg’s Works (see 
Pp. 292), and permission was obtained through Mr. John Clark, Engineer 
at the King’s Cross Station of the Gas Light and Coke Company, to 
make use of their 120 cubic feet experimental holder. Although this 
holder was not an ideal one for the purpose, the Committee, after making 
some additions to it, were able to use it. 

This gas holder is shown upon Diagram 14, p. 252, and consists essentially 
of a circular cast-iron tank 6 feet 6} inches in diameter, having a central 
core of the size shown, leaving an annular space of 8 inches to be filled 
with water. This annular space receives the wrought-iron holder, 6 feet 
Linch in diameter, 4 feet 6 inches high, with a domed top. The holder 
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King’s Cross Gas Holder. 
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Diagram 14. 


is supported in the usual manner by cast-iron columns, a cross girder 
carrying grooved pulley wheels axially with the columns. Chains fur- 
nished with counter weights pass over the pulleys mentioned and are 
attached to the holder. 

The outlet and inlet pipes, as shown in the section, are 24 inches in 
iameter ; however, instead of using these in the experiments, a 6-inch 
zinc tube of the form shown was carefully fitted at the central manhole 
Cover, which was 6 inches in diameter. The Air Meter to be tested was 
fitted in the horizontal zine tube on the top of the gas-holder. The gas- 
holder was provided with a scale and pointer as shown in the diagram, the 
scale being graduated in cubic feet and decimals of a cubic foot. 

For the purpose of making accurate experiments, it was necessary that 
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the gas-holder should move up or down equal spaces in equal times, and 
_ this motion, in the case of the small holder at Messrs. Sugg’s works, was 
effected by a cycloidal lever. For the larger holder under consideration 
the Committee adopted the suggestion to provide an annular zinc trough 
around the dome of the holder as shown. This trough was supplied 
with water through a graduated stop-cock attached by a flexible pipe from 
a tank in the upper part of the room, and had a large waste fitted with a 
plug to empty the trough quickly, the water going direct into the cast 
iron tank. 

The action of this water-trough was as follows:—When the holder 
was raised and the weights properly adjusted for an experiment, as the 
iron holder gradually entered the water-tank it lost weight, and this loss 
had to be compensated for by the addition of a regular flow of water 
into the annular trough. It was found after a little practice that the 
holder could be made to run upwards or downwards through equal spaces 
in equal times with a fair amount of accuracy, and many hundreds of 
experiments were conducted in this manner for the purpose of rating the 
instruments. 

Two classes of experiments were conducted—first, expelling the air, 
in which case the holder moved downwards; secondly, drawing in air, 
the holder in this case being counterpoised to rise. 

The 6:1-inch air meter to be tested was fixed at the end of the zinc 
tube on the gas holder, and was started and stopped by signal of an 
operator with a stop-clock. 

After some experience it was thought that an automatic means 
of putting the instrument in and out of gear should be adopted to 
give greater accuracy and a special apparatus was fitted up for this 
purpose and this was afterwards continuously used. For very low 
velocities further means were employed to ensure the holder travelling 
through equal spaces in equal times, and this motion was effected by a 
small crab winch attached to one of the chains of the holder. In this 
case separate readings for time and spaces travelled were taken by an 
independent operator, so that great regularity was maintained during the 
experiments. 

Upwards of 1,500 experiments* were tried with the apparatus just 
described, by drawing in (527 experiments) or blowing out (1,005 ex- 
periments) 90 cubic feet of air from the gas-holder through a 6-inch 


*The experiments at King’s Cross were largely carried out by Mr. Peggs with an 
assistant. 
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tube, on the end of which the 6-l-inch air meter was fixed. The velo- 
city at which the air passed through the meter was calculated and 
compared with the velocity registered by the instrument. 

The experiments were abstracted in a tabular form and were classified 
according to whether they were “ Draw In” or “ Blow out,” and according 
to the air meter used. The abstract sheets formed six sets (viz., a “ Draw 
In” and a “Blow Out” set for each of the three air-meters), and for 
convenience were called “ King’s Cross Gas Works Details.” 

By plotting various preliminary curves from these details it was found 
that there were great differences in the results, according to whether the 
air was drawn into or blown out of the gas holder. Subsequently it was 
ascertained that these differences could be largely reduced by fixing a 
tube on the side of the air meter furthest from the gas holder. 

The Committee concluded that the “ Blow Out ” experiments at lower 
velocities were so irregular as to be quite unreliable. This might have 
been caused quite as much by the arrangement of the short curved tube 
leading air to the instrument as by the cross currents. The “ Blow Out” 
experiments at high velocities were rather more regular but still not 
satisfactory. 

The “ Draw In” experiments without an added tube gave higher 
velocities than those with the tube, and also higher than the “ Blow Out” 
experiments, and were considered useless for arriving at the cause of the 
difference. 

The “ Draw In” experiments with tubes 8 inch and 12 inch in length 
were irregular at low velocities, though rather less irregular than the 
“Blow Out” experiments, and the results were consequently doubtful. 
The “ Draw In” experiments at high velocities were fairly regular, and 
were considered reliable. 

The King’s Cross Gas Works experiments therefore gave a trust- 
worthy correction for high velocities, but not for low velocities. The 
Committee accordingly came to the conclusion that for low velocities 
results must be obtained from other experiments. To throw light upon 
the differences between the “Draw In” and the “ Blow Out” experi- 
ments upon 6:l-inch air meters, a special comparison was made of the 
results of the 2°7-inch air meter experiments, viz., a comparison of “ Blow 
Out” experiments at Sugg’s Works and at Cannon Row, without box 
and gauze, with the standard “Draw In” experiments (see p. 245) at 
Cannon Row with box and gauze. 

Tables were prepared embodying the following comparisons of the 
results for 2:7-inch meters :— 
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(a) “ Blow Out” experiments carried out at Sugg’s Works in 
1879-80, compared with the standard “ Draw In” experiments 
at Cannon Row in 1884. 

(6) “Blow Out” experiments carried out at Sugg’s Works in 
1881-1882, compared with the standard“ Draw In” experi- 
ments tried at Cannon Row in 1884. 

(c) “ Blow Out” experiments at Cannon Row compared with the 
standard “ Draw In” experiments at the same place, both scts 
tried in 1884. 

(d) A general summary of the whole of the preceding experiments. 

To these tables an addendum was prepared in 1898, which gave an 
explanation of a revision of the figures. 

‘The general conclusions drawn from the tables referred to were :— 

(1) That the registration of the air meters in the case of “* Blow Out” 
experiments was always in round numbers from 2 to 4 per cent. more than 
the standard registration of “ Draw In” experiments with box and gauze. 

(2) That there was no evidence that the amount of the percentage 
difference between the registration of the “Blow Out” and that of the 
“ Draw In” experiments either increased or decreased with the velocity. 

(3) That if rather greater weight was given to the Cannon Row experi- 
ments than to the experiments at Messrs. Suge’s Works, the difference 
between the registration of the ‘‘ Blow Out” and that of the “ Draw In” 
experiments might fairly be taken at 3 per cent. for all velocities. 

The revision explained in the addendum mentioned above supported 
the adoption of this 3 per cent. average difference. 

The experiments carried out at King’s Cross Gas Works upon 6:1 inch 
air meters were then dealt with in the following way:—From the 
“Details” the interval in seconds and the register of the air meter for 
each separate experiment were entered upon a table (called “Summary of 
Results”) averaged in blocks, generally of about 19 experiments, and 
classified according to whether they were “ Blow Out” or “ Draw In” 
experiments. 

From the average of the groups of results for each air meter, tables 
VI, VIL, & VIIL, were formed, from which the Standard Curves were 
plotted. In these tables the “ Register per minute” of the air meter and 
the “Actual velocity per minute” for 90 cubic feet of air drawn in or 
blown out of the holder were calculated. In these tables the 3 per cent. 
average difference alluded to above was deducted from the ‘ Blow Out” 
experiments. The results are denoted by © on the Diagram, p. 236. 


Diagram 15. 


GENERAL VIEW OF EXPERIMENTAL HUT AT KEW, 


WITH THE COWLS AND TERMINALS TESTED. 


Diagram 16. 


EXPERIMENTAL HUT AT KEW. 
SOME OF THE BOARDS ARE REMOVED TO SHOW INTERIOR. 
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Table VI.—King’s Cross Gas Works, 1880—1881. 
Averages from ‘“* Summary of Results” prepared in 1894. 


Meter No. 671. 
Amount of air Drawn in and Blown out of holder=90 cubic ft.=444 lineal ft. through inside 
of ring of air meter, 6'1-in. diameter. 


° F j 88 Py Actual 
ge H sf 3 | Register Velocity 
BeS| 5&3 ‘fo feet per 
Ess 5 8 Gy & 
Fat da 
1|/2!si|4, 5 6 
Plotted on 
Curve (p. 236) in 
Hollow Circles. 
19 23:8 570 | 1437 | 1119 
18 23°0! 575 1500 | 1158 
15 360 | 580 967 7 
18 | 1448] 605 251 184 
18 | 1477] 581 236 180 
17 ‘| 3000; 476 95 89 


Number of 


averaged. 


Experimenta 


~) 


Seconda for 
90 cubic feet. 


Tube 6°15-in. diameter on each side of air meter. 


1;/2/8 4 | 5 6 
Plotted on 
Curve (p. 236) in 
Hollow Circles. 
18 | 23-6) 569 | 1447 | 1129 
18 | 23:3} 483 | 1501 | 1143 
18 | 23:1) 569 | 1478 | 1153 
18 | 93-4] 569 | 1478 | 1138 
18 | 23:0] 569 | 1478 | 1158 
19 | 25:0] 570 | 1368 | 1066 
21 | 356] 573 | 966 | 748 
22 | 384| 574 | 897 | 694 
® | 82-4| 569 | 414 | 323 
18 | 1996] 593 | 275 | 206 
18 | 143-6] 612 | 256 | 186 
1B | 147-5} 6m | 24 1€0 
18 i501} 590 | 236 | 177 
15 | 3005) 537 , 107 89 


7 


Table VII.—Meter No. 


8 


BLOW OUT. 
| Register 
Acta: 
yn on Resintct Veieiy 
ted, r 
served ae minute. | minute. 
note.* 
9 10 | 11 | 12 
| Plotted on 
‘Curve (p. 236) in 
Hollow Circles. 
6CO | 882 | 1695 | 1293 
592 | 574 | 1517 | 1174 
585 | 567 1479 1158 
591 573 1421 1101 
679 | 562 | 1134 &97 
567 | 570 | 1025 827 
576 559 921 734 
581 | 564 715 663, 
568 | 551 523 422 
65 | 548 412 334 
572 | 555 355 284 
572 | 555 324 AQ 
567 | 50 280 226 
581 | 564 230 181 
673. 
; 1 
9 | 10 il | 12 
Plotted on 
Curve (p, 236) in 
Hollow Circles. 
£91 | 573 | 1677 | 1800 
| 581 564 1491 1174 
595 | 577 | 1487 | 1143 
601 | 583 | 1521 | 1158 
585 | 567 | 1479 | 1158 
584 | 566 | 1470 | 1153 
587 | 569 ; 1484 | 1148 
586 | 568 , 1200 938 
565 | 548 964 781 
, 685 | 567 935 432 
i AT7 | 660 963 763 
' 577 | 560 963 763 
582 | 565 819 633 
' 587 | 569 825 643 
' 583 | 566 733 575 
' 669 | 552 6lt 492 
574 | 557 511 407 
57. 558 v88 309 
572 | 555 320 256 
575 | 558 281 223 
690 | 572 235 182 


* NOTE.—Tbis correction is made by deducting three per cent. from column 9, as the experiments on 


inch alr 


Dra meters show that the Blow Out register is on an average three per cent. more than the standard 
w In register (nee comparison of Blow Out experiments with Draw In experiments). 
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Table VIII.—King’s Cross Gas Works, 1880--1881. 
Averages from “Summary of Results,” prepared in 1894. 
Meter No. 674. 


Amount of air Drawn in or Blown Out of holder = 90 cubic feet = 444 lineal feet 
through inside of ring of air meter 6'1 inch diameter. Tube 6:15 inch on each side 
of air meter. 


: 
| ! | 


DRAW IN. sos BLOW OUT, 
Sag he Su - <ig! EF i_Besister. | og | £8 
es ee ro co 5 es a-' $83 i g"5 
igfel ea; € ° $3 bee Ze, B 1s! £2 | B58 
eee; ge | "Te as‘ido 1 §  é8 FR 1 FB! 

Eat geek Sel aye a 7 
ie Bai Ss 5 4 5 6 7,8 9 0 M | 12 
Plotted on } , | ‘Plotted on 
Curve (p. 236) in \ Curve (p. 236) in 
' | Uollow Circles | | j ; Hollow Circles. 
20 | 232) 165 | 1464 | 1148 19 | 21:1! 597 579 ' 1646 | 1263 
20} 816, 563 | Treo | 848 | 20 | 232 607 | 589 + 1523 | 1148 
21 | 380] 569 | 298 | 701 | 20 | 23:0! 584 | 566 ) 1477 | 1158 
2 1136-9) ATG | 2A2 195 | 20 | 237) 576 ; 559 | 1415 | 1124 
| 21 1437; 566 | 236 185 17 | 260 ' 594 | 576 | 1329 | 1025 
| 2b L461 | 554 | 228 | 182 17 | 31:3 570 | 553 | 1060 | 851 
2111480) 546 | 221 | 180 17 | 362) 56L | 544 | 902 | 736 
18 }2999 | 355 ; 71 89 18 | 871 574 | 557 | 901 | 718 
18 | 364 569 | 552 | 910 | 732 
19 | 413, 577 560! 814 | 645 
18 | 40°81 579 | 562 | 828 | 653 
19 | 41:5 575 | 558 | 807 | 642 
20 | 466 578! 561 | 722 | 572 
2) | 593: 580 ; 563 | 570 | 449 
21 | 769 567 | 550 | 429 | 346 
21 | 978; 568 | 551 | 338 | 272 
21 1075 564 | 547 | 305 | 248 
17 11363 554 ' 5387 | 236 | 195 
18 11491 546 | 530 | 213 | 179 


* NOTE.—This correction {s made by deducting three per cent. from column 9, as the experiments on 
38-inch air meters show that the Blow Out register is, on an average, three per cent. more than the standard 
Draw In register (see comparison of Blow Out experiments with Draw In experiments). 


In June, 1884 (when so many experiments were tried at Cannon Row 
on the 2°7 inch air meters), a few experiments were also tried on the 
6 inch air meters, calculating the amount of air which passed through 
the full area of the ring of the air meter which was actually 6-1 inches 
in diameter. These 6:1 inch experiments at Cannon Row, viewed in 
the light thrown on the subject by the 2°7 inch experiments, distinctly 
proved that a large number of apparently unimportant matters affected 
the air meters, and that the apparatus at King’s Cross Gas Works had 
not been sufficiently accurate to test the 6°1 inch air meters properly. Jt 
was therefore decided at that time not to use the 6:1 inch air meters for 
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the cowl experiments, but only the 27-inch air meters, but this decision 
was subsequently changed. 


Eeeperiments at Cannon Row. 


As the experiments on 2-7-inch Air Meters at Cannon Row upon 
the readings of thermometers and the effect of the differences of tempera- 
ture of room and water in the holder on the registration of the air 
meters had shown that the registration was to a certain extent affected, 
special temperature experiments were carried out upon the 6-l-inch Air 
Meters at Cannon Row. Differences of temperature were obtained by 
artificially heating the room and cooling the water in the holder and vice 
tersd, similarly to the method adopted when carrying out the 2°7-inch 
experiments. To attach the 61-inch Air Meter to the outlet of the holder 
azine coning-piece 3 feet 10 inches in length was used, the smaller end 
being 2} inches in diameter, and the larger end 6 inches. On to the 
larger end the air meter was fixed. The same box and gauze was used to 
keep draughts from the meter, as in the case of the 2-7 inch experiments 
(see sketch p. 235.) Inside the box a piece of zine tube 6 inches in 
diameter and 7 inches long was fixed to the ring of the air meter. 

The results of the experiments were entered upon the Cannon Row 
Summary Table, No. IX., p. 260, averaged in blocks usually of 20 
experiments, and entered upon page 6 of the tables from which the 
Standard Curves were plotted. These results are described by solid circles 
in the plotted Diagram 5, p. 235. 


Experiments at Old Deer Park, Richmond. 


In August, 1880, a timber stage was erected in the Old Deer Park, 
Richmond, and in the following month the bottom portion of the stage 
was boarded in so as to form a hut. A position in an open part of the 
Park was selected so that the wind currents should not be affected by 
buildings or trees. The stage was intended to be set out with its axis at 
tight angles to the prevailing wind so that when cowls or tubes were fixed 
they would have the greatest exposure to the wind and work could thereby 
be carried on more frequently and under better conditions. At that time 
Mr. Baker, chief assistant at the Kew Observatory, said that the posi- 
tion of the new stage and hut was as nearly as possible across the most 
frequent winds, and that the least frequent winds were from the S.E., and 
the most frequent at Kew from the S.W. and N.W. Subsequently, 
however, two important points were discovered ; firstly, that when setting 
out the stage sufficient attention was not paid to the question of the least 


IT.— Corrections for Air Meters. 


MUOUT[JodxO Jo HIee OFEy UT JO Uo, ozNSZ pus roy . 


7 D | | ' n 
oste | 929 ges. |oze ort | zoo | z19 zoe «|| (tg «| oot | 6) OC’ d| «9 
123 | BLO 666. ez¢ cot | ozo | ose gest 6oeee «| Ltt | 6 | (08 ¢ | 8 
BbLE ; LOY 860: g0g I+ | c09 | St9 Bzst | Ot | HLT | 6 US 4{4 
9-081 Z-09 666: €0¢ , ¢.0ot+ Oz9 | G29 Lest | O26 | 002 | 6 0% gs} 
88 9-16 666- 916 | ¢.o+ 029 | ¢29 1-88 ost | 00g | 6 0 Z| & 
L-98 G-13 100-1 | ¢22 | 80- 0.09 | %69 1-69 021 | Och | 6 0% T | 
0 ; 0 a) O.1+ 09 | ¢19 z-90 FIt | ole | 6 ¢ tle | $29 
«OBES 9.49 10-1 «| GG | OR ocd | 069 £-061 ose | OF | 6 06 9\ ¥ 
#823 £69 866- Beg | 01+ 0.09 | 029 £.061 ose | OFT | 6 07 G ) E| 
E211 Lg 66. | B19 | I+ ¢.09 | 029 6-LbI ooe | ost | 6 0 big 
9-egT Z-1¢ 166- FIG | G+ G.09 | 029 1-881 026 | 002 | 6 0% £ 4 
# 8-801 #39 kG. GEO | OT+ 0.09 | O19 LB ost | oof | 6 Ot af 
8-68 6-FF 1665 = Sb | GI+ coy | 029 1-88 ost | ong | 6 06 | 
Le BFS 966. | 642 | 01+ go9 | 9-19 1.69 ozl | ocr | 6 03 1} 
0 0 0 o1+ G.o9 =| 0.9 €-6F 0-6 0-09 | 6 8 Is eL9 
£682 GES (966. Leg | Gat 009 | 79 £.061 ose | ott | 6 (3 ¢) # 
€.081 9.26 966: gze | eat 009 | ¢.29 £-c¢1 608 | Lt 1 6 03 a 
PCG1 819 | 966 ozg | gat 0.09 | ¢e9 L-ee1 O13 | 008 ; 6 02 els 
L-86 L-65 966: 666 | oot 009 | &z9 2-88 elt | zoe | 6 03 af 3 
8-98 E12 966: #16 | Oo+ 0.09 | 029 9.6¢ Tat | obr | 6 03 LI & 
0 Oo | 0 Gat 009 | 9.29 BED on | O6F | 6 9 Lie. | 9 
pete soca aaa ee rls . 
{ 1 8AIng 
uo pezi0ld uo pe}}0[d 
| einiszod i104 a . | | 
voynggut Sol inedn ke F sow | ‘moog | doom ayejo | -emujun | uy | . . 
Peet oe neta igcmiie eucae: ef aoa cient Buys qanorg ved nial nase semnige fusinierdea 1 
| | pd nia a8 wooy appt : aan | OUEL aan) yequian ; UI o8eg Joon 
~ f & 
“ornyesoduioy 40} poyaeii09 018 30H [aoe ie at } ‘ 
a | ool oa | o | 6 | 8 » |o;,¢is|es i 2 I 


*BO[DIID PI[O8 ‘FGRL ‘YOLBIY IST ‘eAINd postaos Banzo[d ur pasn o1aas F] puw J sucIN[OD 
‘J9JOULIP “OL [.9 ‘19,eUL ITS Jo Burs Jo opisur yYInosy? “yj [way] EG.F OF JUETBAINDe FI JoJOUT IIB 
yInosyy Suresed yy o1qno | aoueq 3°37 bs gnz. 10 “ur 'bs 72%.gz Bula Jo val “au! O].9 JoJo Ae JO Burs jo opteur jo sjemMVlg—ALON 
‘azned YILAX XO PUB ‘19}9TU IIB JO OPIS YIVa UO JOJIINBIP “UL 0.9 ONL 
‘sao pun woos fo aunjouaduay fo aouasaffip jyliys sof payddp uorjvattoo yqin 


FOOT ‘aung ‘moy uouuny ‘squaunsadra uy avugy fo uovonpay 
"TEST ‘YorvHE 197 04 posracay | 


260 


‘S10}0 ITV ‘UlT-9—XI e19%L 


teem : = 


womens a 


oe pawl + tg 


cae eS 


Report on Cows AND TERMINALS. 261 


frequent winds (S.E.), as the line of the stage should have been as nearly 
in the line of the least frequent winds as was consistent with its being 
across the line of the most frequent winds,—the stage ought therefore to 
have been more than 9 degrees to the west of north; secondly, that the 
line of pipes was skewed so that their line was actually to the east of 
north, instead of the west of north. 

A reproduction of photographs and plans of the hut in Old Deer 
Park is given on Diagrams 15 and 16, facing page 256; 17, 18, and 19, 
pages 261—263. 


General Scale of Feet. 


Puan. 
Diagram 17. 
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The ordinary apparatus used for testing was as follows: three 3 inch 
galvanized iron tubes 14 feet long were fixed vertically to a suitable bench 


Arranged 4 Jor Open 
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Diagram 18.—Experiment Hut, Kew. 


inside the hut and to the platform, and carried up from the platform, 
terminating 8 feet 3 inches above it. Concentric with these tubes, and 
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beneath them, were placed the three 2°7 inch Air Meter, on each side of 
which was fixed a piece of brass tube 6 inches in length. The upper 


HOE OmeTER 


Cross Section at Centre Piet. 
Diagram 19. 


brass tube was joined to the lower end of the long galvanized iron tube by 
Means of a strong india-rubber band which insured a perfectly airtight 
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junction. Below the bench at the foot of each tube a 1’ 33” square box 
or air chamber 1’ 8” deep was fitted, with proper apertures for the 
insertion of the air meters at the top. The bottom of each air chamber 
was covered with fine silk gauze so as to admit air equably and without 
cross draughts to the instruments and tubes, in accordance with the 
methods found necessary from the experiments on current meters at 
Messrs. Sugg’s works in 1881-1882. The break gear, to start and stop 
the instruments simultaneously, consisted of a sliding rod fitted along the 
bench with attachments to each of the air meters. A little distance to 
the east of the south tube a Robinson’s Cup Anemometer, 4 feet from 
centre to centre of cups, was set up outside the hut, the revolutions being 
transmitted to the recording dial by means of a long thin tube, which 
passed to the inside of the hut close to the bench, thus admitting of one 
operator starting and stopping the three air meters, and the Robinson’s 
Cup Anemometer at the same instant. The duration of each experiment 
was noted with precision by a watch, and the wind direction observed 
by an assistant who made use of a small vane close to the hut. Care 
was taken to ascertain the temperature inside and outside the hut whilst 
experiments were proceeding, particularly in the earlier work. The 
method adopted was the following: the operator took the readings of the 
thermometers before commencing an experiment, then started the air 
meters and anemometer; at the conclusion of the experiment he took 
the readings of the instruments, then read the thermometers in the boxes, 
then those on the platform, and immediately afterwards started the next 
experiment. The object in taking temperatures immediately before and 
immediately after an experiment was to ascertain the difference of 
temperature that took place during the experiment, for virtually the 
thermometer readings after one experiment are those immediately 
preceding the next. Asa general rule the door and window of the hut 
were shut when upcast and injector experiments were being tried, and 
open during down-draught experiments. 

The special experiments at the Old Deer Park, which were used in 
the preparation of the standard curves, consisted of a comparison of the 
61-inch air meters with the 2-7-inch air meters, for which the appropriate 
corrections had been satisfactorily determined. 

For this purpose several experiments were made with each of the 
6-L-inch air meters, by running them against 2°7-inch Air Meter No. 611 
superposed (as shown in diagram 7, p. 237). The 6-1-inch air meter, with a 
6 inch zine tube on each side of it, was fixed in the usual position in 
the bench. On the top of this was placed a coning-piece 3 feet 6 inches 
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high and narrowing down, including an }-inch shoulder to a 2-7-inch 
circular orifice, into which was inserted the brass tube attached to the 
lower side of the 2°7-inch Air Meter. The similar brass tube on the upper 
side communicated (by means of a diverging tube 7} inches high, 2-7- 
inches at bottom, and 6 inches at top) with the 6-inch zinc pipe, which 
passed through the roof of the hut to the outer air. In order to obtain a 
fair comparative average register in feet per minute from the 2°7-inch and 
61-inch Air Meters, a duration of half-an-hour was allowed for each 
experiment. During each experiment the Anemometer recorded the 
wind velocity. 

The results of the special experiments at the Old Deer Park were 
entered upon the tables from which the Standard curves were plotted, 
and are given in Tables X., XI., & XII. 

The results of these experiments are shown on the diagram (p. 236) 
by crosses. 

From these averaged results curves for each air meter were plotted, 
entitled “Standard Revised Curves, March 1st, 1894, from various sets of 
experiments made at King’s Cross Gas Works, Cannon Row, and Old 
Deer Park, in different years and under various conditions, on 6'l-in. Air 
Meters.” On these curves the base was “ Register feet per minute,” and 
the vertical “Actual Velocity per minute through inside of ring of air 
meter 6:1-inches diameter.” The curves are reproduced on p. 236. 

These standard revised curves were used in carrying out the reduc- 
tion of the dial readings of the 6-1-inch air meters used for the experi- 
ments upon Open Pipes, Cowls, and Terminals at the Old Deer Park, 
in the same manner as that in which the 2°7-inch standard revised curve 
was made use of for reducing the 3-inch Open Pipe, Cowl, and Terminal 
experiments. 

The curves thus prepared give the results of experimental comparison 
of the air-meter readings and gas-holder readings up to 1,000 feet per 
Minute on the air meter. In the examination of cowls, readings on the 
air meter exceeding 1,000 per minute have been reduced by assuming 
that the line representing the relation between reading and flow may be 
Continued as a straight line, in accordance with the indication given by 
the readings between 300 and 1,000 on Diagram 5, p. 235. The tendency 
shown by the Anemometer curves to become rectilinear at the higher velo- 
Cities is borne out by the experiments at Kew by Dr. Chree, p. 229. 


THE use or AiR METERS IN THE INVERTED PosiTION. 
In some of the experiments upon injectors at the experimental Hut in 
the Old Deer Park the air was allowed to pass down the central 3-in. pipe 
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Table X.—6l-in. Air Meter No. 671. 
Results obtained by comparing with 2-7-in. Air Meters at Old Deer Park, 


October, 1886, to February, 1887. 
Tube 60 in. diameter on each side of Air Meter. 


2°7in. METER No. 611. 61in. METER No. 671. : 


—TResister. | Velocityper) 9, 
= $ Register. bb aia teat Eo eet mine thro | 
] . mi nate t ro" ? meter, Ind 
i In 80 min-|Per mi- aT ea In 80 | Per minute. l¢rom Perpee “7 are 
ae utes. | nute. | from curve. pHinutes er = Col 4 
sd + S11. 
1 2 8 4 5 6 7 8 | 32 : 
Revolu-| Feet. Feet. Feet. Feet. Feet. Feet. A = 
on Plotted on Curve in glee g 
Crosses. Bj ze 8 
1764 | 87,871 | 1262 | 987 | 6853 | 228 188 | 6244 | 2% Bs ws 
1619 | 35,550 | 1185 | 880 | 6373| 212 172 /62| PYe Bae 
1558 | $2,807 | 1093; 812 | 5904) 197 159 «6 622| BSS HBS 
1884 | 31,908 | 1063 789 5725 191 154 623 | Os 
1076 | 28,757 | 958; 711 | 5142] 171 139 e2| Sa ll iil 
636 | 24,960 | 832 | 618 4467 | 149 121 47) C88885 
670 | 24,520 | 817 | 607 ls 4342 | 145 146 119 119 646 fae eee 
1018 | 24,483 | 816 | 606 4372 | 146 119 637 | g Sree 
888 | 24,819 | 810 | GUI 4830 | 144 1 118 635 | 4 = 4 
807 | 20,762 | 692 514 3649 122 100 636 & : 
732 | 19,451 648; 482 3274 109 | 94 628 | 2, : 


Table XI—6l-in. Air Meter No. 673. 
2°7 in. METER, No. 61). 


Register. 
Robinson's |—_ 


Cup 
Anemometér. In 
30 minutes. 


1 


Bevolutions. Feet. Feet. | Feet. Feet. Feet. Feet. 
F Plotted on Curve in | 
| Crosses. 
1127 28,078 986 694 4902 168 136 | @31 
1004 26,973 899 667 4666 156 131 | 632 
1065 26,072 869 645 4405 147) 146 126) 19g | 639 j 
1015 26,003 869 645 4375 | 146 126 , 6388 
972 | 24.988 goo | 601 4141 138 118 630 | 
481 21,679 722 | 586 38755 124 105 64) 
461 18,307 610 «| 453 3004 103 89 648i 
14,540 484 set 2235 75 71 
14,174 472 | 3h2 2017 67 69 713 | 
13,576 452 337 1788 60 66 74 
11,373 379 984 1202 40 66 | 715 | 


8q. ins. 
Note.—Ratio of areas: 6°1 in. meter, 29.22 =51l 
27 in. meter, 5°72 — $ 
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Table XII.—6:1-in. Air Meter No. 674. 


Results obtained by comparing with 2:7-in. Air Meters at Old Deer Park, 
October, 1886, to February, 1887. 
Tube 60 in. diameter on each side of Air Meter. 


27 in. METER, No. 611. 6'1in. METER, No. 674. 
- cca” he ee Wl ees aol 
Register. Retr Register. per minute 
U -_— - =_ tl 
fh nae Leite 
Anemometer. I P 7 in. meter I P leula umbers. 
30 minutes. | minute, | s22rrected | ay minutes. | minute, | T0m,27 i 
Ool. 445-11. 
Ine SE fle Cee 7 are 
a og s | 4 5 6 7 8 
; Revolutions. Feet. Feet. . Feet Feet. Feet. Feet. 
Plotted on Curve in 
Crosses. 
ae 33,577 1119 | Pit a ae ian He 
26,043 91 | 3 
991 | 25,750 358 esr 01 sont 132} 139 198} 125 | 29 
975 28,647 788 =, «B85 3716 124 114 641. 
748 21,472 716 | B32 3205 107 104 640 


332 16,868 562 418 1939 65 82 650 


Note.—Ratio of areas: OT ie Bas se = 611, 
and passed the air meter placed in position for measuring the upcast flow. 
The air accordingly struck the back of the vanes and the pointer ran 
backwards over the dial. A special series of experiments was instituted 
to ascertain what correction if any ought to be applied to the readings of 
the meter on account of this reversal of the usual direction of flow 
with reference to the meter. The experiments were carried out partly 
at Messrs, Sugg’s Works, partly at Cannon Row, and partly at the 
experimental Hut. In the two first mentioned, air from a gas holder 
was driven past the air meter in the direct and reversed direction alter- 
nately. Slight modifications were made in different experiments by 
varying the length of the tube which continued the flow of air beyond the 
meter, and also by covering more or less of the projecting tube with a box. 
In the experiments at Old Deer Park the air meter was placed in the 
direct and reversed position successively at the foot of the central pipe, 
and the downcast or injection reading of the meter was compared with the 
simultaneous mean upcast reading of the two outside pipes, the central pipe 
being surmounted by an injector cowl. These comparison numbers having 

cen obtained, a ratio for the air meter reversed to that for the air meter 
direct was then taken to: represent the comparative effect of the reversal. 


268 IT.— Corrections for Atr Meters. 


The results obtained from 180 experiments were as follows: 


Ratio of pene of ers alee to 

‘ hi xt versed 

Place of Experiment. ds Es eaesta. “ sedatives 
! Maximum | Bisneess Mean 
: | Ratio. Ratio. 

\ | | 
Messrs, Sugg’s Works .... 620 6 | 1:23 1:20 1:22 
Do. Do. ... «| 619 31 119 111 115 
Cannon Row | 446 120 1174 1:114 1:14 
Old Deer Park. ......cccsscssssscescees 611 23 | 1:16 1:07 1:12 
{ 


With reference to the possibility of change of result by interchanging 
the meters, the following note by Mr. Rymer Jones appears :— 

“The meters were occasionally oiled, and sometimes interchanged if 
results seemed doubtful, but in no such trials were any differences noticed.” 
(Sept. 4th, 1893.) 

Subsequently, on 4th December, 1895, and 30th November, 1896, 
further experiments were made by changing the positions of the Air 
Meters, when very slight percentage differences between the recorded run 
-of the meter in the centre pipe and the mean of the corrected runs in the 
-outside pipes were observed, as shown by the following results :— 


Percentage Difference trom Mean. 


| 
| 
| 
| 
a | 
! 


| Meter 446 Meter 619 Meter 620 Meter 611 
" on centre Pipe. | on centre Pipe. | on centre Pipe. | on centre Pipe. 
it: 

a Se ee (a 

i +1 0 0 

i +1 0 -1 -1 
ie +1 +1 -2. -3 

{ 0 0 -i1 

a. 0 0 

ie 0 

| 1 , 

‘te 0 

: Ye 0 

, Averages...... + 06 + O01 - 10 - 27 


TEsTING OF THE AIR METERS. 


It is to be noted that the Air Meters were all tested with the wheel 
in a vertical plane, but were used with the wheel horizontal. There is no 
evidence to show whether this difference of position would affect the 
readings. 
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PART III—DETERMINATION OF WIND 
VELOCITIES. 


For the purpose of obtaining readings of the actual wind velocity over 
the openings of the Cowls, the Committee employed various instruments ; 
for velocities exceeding 13 miles per hour a Kew Pattern Robinson 
Anemometer (9-inch cups, 2-feet arms) was used; for lower velocities a 
similar anemometer but of the miniature scale of 1 inch for the cups and 
13-inch arms, was employed. The Kew Pattern instrument was continu- 
ously working throughout the investigation, and nearly all the cowl 
experiments have a corresponding reading of the anemometer. The 1-inch 
cup instrument was only occasionally employed. 

The highest wind recorded at the Hut occurred on 12th Jan., 1899, 
when the force of the wind was too great to allow of cowl measurements 
being carried out. Readings of the Kew Pattern anemometer were taken 
for each minute from 2.30 to 2.50 p.m., and show (using 3 as factor) a 
mean velocity of wind of 43 miles per hour, and a maximum velocity of 
56 miles per hour as computed from the run of a minute. 

For certain special investigation a Dines Pressure Tube Anemometer 
was employed, and there are sufficient simultaneous readings of all these 
instruments to furnish materials for a comparison with the corresponding 
flow in the 3-inch open pipes mounted at the Hut. 

The Committee took great pains to ascertain the factors necessary for 
reducing the readings of the instruments. For the l-inch cup anemo- 
meter a special experimental investigation was made for the Committee by 
Mr. W. H. Dines. The Kew Pattern Robinson Anemometer had been 
lent by the Kew Committee, and was the actual instrument upon which 
experiments had been made by mounting it on a merry-go-round in the 
open air at the Crystal Palace in 1872 and 1881. The results of this 
latter comparison were discussed by Prof. Stokes in a paper read before 
the Royal Society in May, 1881. 

The determination of the proper factor for the Robinson anemometer 
has given rise to a great deal of discussion. Dr. Robinson partly on 
theoretical grounds and partly as the result of experimental investigation, 
_ had assigned the factor 3 as appropriate for converting the actual run of 
the cups into the distance traversed by the air passing the cups, and the 
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factor is still employed in adjusting the mechanism of the instruments to 
give direct readings of wind velocity, but subsequent experimental re- 
searches, some of which are referred to in the foot-note on this and the 
following pages, tend to show that this factor, except for very light winds, 
is distinctly too high, and that for winds exceeding 10 miles per hour, a 
factor of from 2:2 to 2°4 would give results corresponding much more 


nearly with the actual velocity of the air. The precise factor to be 


adopted would really depend upon the particular instrument employed, 
and its condition as regards lubrication and other circumstances. 

Mr. Rogers Field made very extensive enquiries into the recent in- 
vestigations of the anemometer constants", and entered into correspon- 
dence with Mr. S. P. Fergusson, of Blue Hill Observatory, and with 
Mr. W. H. Dines of Oxshott, and in the end decided to adopt the table 
of results given in Prof. Stokes’ paper, taking the registered (apparent) 
number of revolutions, and making no allowance for natural wind. 

It is unnecessary to enter here into any discussion as to whether the 
factors so obtained were really the most appropriate for the particular 
instrument in use. What is wished is to place before the reader the 
results which, so far as can be ascertained from the materials left behind, 
would have been adopted by the Cowl Committee in view of the informa- 
tion at their disposal. 

The results adopted are plotted on Diagram 20. They show the 
reading for rotation of the whirling machine (shown on p. 275) with sun 
and against sun, and the mean of the two which was adopted for the 
reduction of the anemometer readings. 


* Norg.—The following is a list of papers abstracted or consulted by Mr. Field in 
considering the Constant of the Anemometer, 


“ Description of an Improved Anemometer.” T.R. Robinson, D.D........ June, 1850. 
‘‘ Bestimmung der Anemometer Constanten,” by F. Dohrandt. Wild's 
Repertorium, T. 1V., No. 5. ... ons +. April, 1874. 


“ Notes on the Theory of the Cup Anemometer aaa ne datenihination of 
its constants,” by the Rev. T. R. Robinson, D.D., read 13th Dec., 1875, 


“Proceedings, Royal Irish Academy,” 2nd Series, Vol. II.. ce «. dan., 1E76. 
“ Bestimmung der Anemometer Guriatanten=-Forteetzung? by F. Doh- 
randt. Wild’s Repertorium fiir Meteorologie, T. VI., No.5... ee -- May, 1878, 
“On the determination of the Constants of the Cup Anemometer, ” by 
T.R. Robinson. Phil. Tr., Part IL. . aes oe 1878. 


“ On Observations on the Velocities of Winds, and on Kieemomeen ” by 
G. A, Hagemann. Quarterly Journal of the Meteorological Soc, Vol. V., p. 203 May, 1879 
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Kew Pattern Robinson Cups. 
Crystal Palace Experiments, 1881. 


Diagram 20. 


Digitized by Google 
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Rove List or DesigNers OF ANEMOMETERS. 


The following rough list of designers of Anemometers was also prepared by direction 
of the Committee, and it is reproduced here without addition or modification. It is 
probably based upon the catalogue of instruments exhibited at the Royal Meteorological 
Society. It will be noticed that Mr. Dines’s name does not appear in the list, and it was 
probably drawn up before the well-known instrument designed by him was in use. A 
specimen of the instrument was, however, employed for part of the period of the Cowl 
Committee’s experiments at the Hut in the Old Deer Park, and its indications are em- 
ployed as the basis of a comparison of the various records taken at the Hut. (p. 283, Table 
15, and Diagram 25, p. 286. 


Name. Where information may be found. 
Adie’s Small Recording Maker. 
Ballingall. 
Beaufoy eee ... Ann. of Philos., N. Series, Vol. IT., p. 431. 
Beckley ... an .. Met. Office Reports. 
Bianchi. 
Birun (Davis) ... .. Any optician, 
Bouguer... ite ... Manoeuvre des Vaisseaux, p. 151, or Traité du Navire. 
Brewster ane ... Brewster—Edinb. Ency., Article “‘ Anemometers.” 
Burton ... ... Martin—Philos. Britt., Vol. IL., p. 211. 


Burton (Charles) ... (33, Barclay Road, Walham Green) Nature, Sep. 29, p. 519, Oct. 
20, 1881, p. 583, 


Casella’s Embossing ... Maker. 


Cator’s ... ies «» Met. Mag., Vol. IL, p. 123. 
Combe. 
Crossley aes .. Inventor. 

Cronne ... ic .. Phil. Trans., 1667. 

Curtis. 


Notes on the measurements of Wind Velocity: Results of recent experi- 
ments, by Prof. C. F. Marvin. American Meteorological Journal, Vol. 5, p.552 April, 1889. 
Vol.6,p.115 July, 1889. 

The measurement of Wind Velocity, by C. F. Marvin, Assistant Prof. 

Signal Service. Monthly Weather Review, United States en ae 
Vol. XVIL, p. 52 as .. Feb., 1889. 

Comparison of Guano: by Asst. "Prof. ©. F. “Marvin, U. 3. ‘Signal 
Service Monthly Weather Review, Vol. XVIIL, p. 22 ... i .- Jan, 1890. 

ar Anemometer Comparisons, by S. P. poe American Meteorological 
aa Journal, Vol.9, p.421 0 ws ... Jan, 1893, 

ioe Rev. Fenwick Stow's Runedinenita on large and “anal Mactionilers 
| Quarterly Jol., Met. Soc, Vol. I,p.4l 0... we .. April, 1872. 
‘ 
{ 


Experiments on Anemometers and other raietoas of measuring the 

movement of air in pe by means of a amuaald of the Town Gas Rie a 

Breslau. ... Pr aie 1887. 
i Wind Peace sia Aeacticcinent of Wind Velocities, by. Prof. Marvin 
i Am. Met. Journal ie” des .. Feb,, 1891. 
I 
4 
| 
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A “Anemometer comparisons at the Blue Hill Meteorological Observatory 
by S. P. Fergusson.” Extracted from the annals of the Astronomical Obser- 
vatory of Harvard College, Vol. XL., part IV. 
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MINIATURE ROBINSON CUP ANEMOMETER. 
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Name. 


Dulberg ... 


De La Rue. 
Demenge 
Dechevrens. 
D'Ous-en-Bray 


Dollond... 
Eccard ... 


Fletcher. 
Forbes ... 
Foster... 


Galton—torsion. 
Gibbon ... 
Green 


Hagemann (Patt. I.) ... 


” ( ” IL)... 
Halleur ... 


Harris, Sir W. Snow ... 
Hennessey eee oes 


Hermann ee 
Hervé-Mangon... 
Hick’s Electric 
Howlett. 


Where information may be found. 


Anémométre proposé aux amateurs de météorologie, Enfurt, 
1781, and Rozier, Vol. XVII. 


Rozier—Observations, Vol. XV. 


Hist. de ’Acad. des Sciences, ann. 1734, p. 123; or Mémoires, 
p. 169. 
Description of the Atmospheric Recorder. G. Dollond. 


History of the Signal Service, U.S.A., p. 40. 


Negretti and Zambra. 
Instructions to Observers—Canada—by G. T. Kingston. 


History of the Signal Service, U.S.A., p. 39. 
Instructions to Observers —Canada—by G. T. Kingston. 


Met. Office. 

Mr. Rogers Field. 

Any optician, 

Met. Office. 

Inventor—Professor H. Hennessey, F.R.S. Idrone Terrace, 
Blackrock, Dublin. 

Mechanisch-verbesserter Windmesser, u.8.w. Freiburg, 1789. 

Inventor—or Bréguet, or Annuaire de Montsouris. 

Inventor. 


nn 


Anlagen zum Hauptberichte der Preussischen Schlagwetter Commission. 

Band V., p. 123. Verlag von Ernst & Korn, Berlin... wis ssa eee 1887. 
Experiments on Centrifugal Fans by Bryan Donkin. Minutes, Inst. 

C.E,, Vol. CKXIL, Part IV. Appendix III. Summary of Report by Mr. 


Althaus, 


Robinson’s Cup Anemometers: Difference in the number of revolutions of 
the cups according to the direction of the revolution when tested on whirling 


machine. Dohrandt’s Experiments... és oe 


1878. 


Experiments with Whirling Machines. Report of the Wind Force Com- 
Mmittee., Quarterly Journal, Met. Soc., Vol. XVI, p. 26 wee wee wee Ja, 1890. 
Report of the Wind Force Committee on the Factor of the Kew Pattern 


Robinson Anemometer, 


drawn up by W. H. Dines, B.A, F.R.Met.Soc. 


Quarterly Journal of the Royal Meteorological Society... 0 «+ Jan., 1890. 
Anemometer Comparisons, by W. H. Dines, B.A. Quarterly J ournal of 
the Royal Meteorological Society ...  «.. : F .» July, 1892, 


Experiments by comparison with Helicoid. Report of the Wind Force 


Committee, Quarterly Journal, Met. Soc., Vol. XVIIL., p. 165... oe .. July, 1892, 
Report of the Wind Force Committee on Experiments with Anemometers 

conducted at Hersham, drawn up by G. M. Whipple, B.Sc., F.R.Met.Soc., 

and W. H. Dines, B.A., F.R.Met.Soc. Quarterly Journal of the Royal Meteor- 


ological Society ... 


ase - wae aa .. Oct, 1888. 
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Name. 
Jelinek ... 


Kingston 
Kreil 


Leslie 
Leutmann 
Lind No. | 
Lomonossow 
Lowne ... 


Martin ... 
Morgan ... 


Nollet 


Oertel 
Osler 
Ottinger... 


Pastorelli. 
Pelisson ... 


Pickering 
Polini 
Poschmann 
Preste]. 
Prigoulx 


Recknagels, 
Reguier ... 
Robinson. 
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erry 


Pe disconnecting 


Ronalds. 


Schmidt... 
Shaw 
Stow. 


Theorell... 


Valz 
Ventosa ... 


Wheatstone 
Whewell 
Wild. 
Wolff 


Yeates ... 
Zeiher 


Anonymous= Prestel ... 


Where information may be found. 
Beitrage zur Kentness selbst registrerender Meteor-A pparate. 
?= Gibbon. See Instructions to Observers—Canada. 
Entwurf eines meteoro. Beobacht fiir dei oestereische Monarchie. 
Wien, 1850. 


Leslie Experimental enquiry on heat. 

Instrumenta meteorologie inservientia, Wittemberg, 1725, p. 116. 
Any optician (Lind No. 2—Snow Harris, which see). 

Nov. comment Petrop., 1749, t. II., p. 128. 

Maker. 


Philos. Brit., Vol. IT. 
Inventor. 


Art. des expériences, Vol. III., p. 62. 
Gothaiches Magazin, Th. 4, S. t. L., S. 89. 


Inventor, 
Mr. Whipple. 


Beobachtungen und Entdeckungen aus der Naturkunde, Berlin, 
1790, Th. 10. 

Phil. Trans., Vol. XLIII. 

Polini—De la meilleure maniére de mesure sur mer, &c. 

Voigt’s Magazin, Jena & Weimar, Band VII., 8. 463 


Lecons de Physique de I'Ecole Polytechnique. 


Bulletin de la Société d’Encouragement, &c., No. 150. 


Negretti and Zambra, 


Poggendorff, Annalen, 1459. 
Inventor. 
Inventor. 


Zach-Correspondence astronomique, Vol. X., p. 340. 
Nature, Nov. 24, 1881. 


? 12th B. A. Report. 
7th & 8th B. A. Report. 


C. Wolff—Elementa matheseos universae, Haloe, 1743, Vol. 2, 
p. 405, 


Makers. 
Nov. comment. Petrop., t. X., p. 302. 
Phil. Trans, No. 24, t.e., Vol. 1 or 2. 
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TEsTs OF THE MinraTuRE (1 IncH Cup) ANEMOMETER. 


This instrument was lent to the Cowl Committee by the late Mr. 
G. M. Whipple, Superintendent of the Kew Observatory, and in the 
absence of any well established factor of reduction for the instrument 
arrangements. were made for a special investigation. The instrument is 
illustrated in diagram 21, facing page 272; the diagram was reproduced 
from a full-sized drawing, but the words “full size”’ which occur on the 
diagram are, of course, incorrect, as the drawing is considerably reduced in 
reproduction. The chief purpose of the instrument, from the point of view 
of the Cowl Committee, seems to have been to determine the velocity of 
air over the cowls when less than 13 miles per hour; below that limit no 
determinations of the factor of the Kew pattern instrument were available. 

A determination of the factors of the instrument by means of a 
whirling machine had been made in 1889 by Mr. Dines at Hersham (see 


‘Whirling Machine and Driving Apparatus at Oxshott, 
Surrey. 
Fitted up May 1897. Whirler Revolving with Sun. 


Diagram 22. 
Norg.—When the driving apparatus is not being wound up weight A falls and weight 
: Tises ; when being wound up the raverse action takes place, the arrangement being 
Similar to that used in winding up astronomical clocks. 


276 ITI.—Determination of Wind Veloctties. 
Table XIII., p. 278), and as the observations did not give a sufficiently 


extensive series of results, a further investigation was considered desirable. 

Accordingly in 1897 Mr. Dines carried out a series of experiments for 
the Committee by fixing the 1 inch cups (miniature) Robinson anemometer 
on his whirling machine at Beverstone, Oxshott, Surrey. The method of 
carrying out the experiments is shown on diagram 22, p. 275. Mr. Dines’s 
results are given in Table XIV., p. 279. 

From notes of a lengthy correspondence with Mr. Dines about the 
experiments, it appears that some uncertainty still attached to the numbers 
to be taken as an appropriate correction for “mitwind,” the name given 
to the circulation of air which is gradually established when a whirling 
apparatus is worked inside a building, as was the case with the experiments 
in question. A subsidiary investigation into the effect of mitwind had 
therefore to be made. The measurement of the amount of mitwind was 
difficult to determine. A special apparatus was designed and set up by 
Mr. Dines, consisting of a mica flap which was sensitive to air currents as 
slow as °1 to 0:2 mile per hour, and which indicated the amount of 
mitwind created during each experiment. This was found to be variable 
and not a percentage of the velocity (Mr. Dines’ letter, 9th Jan., 1897). 
The initial tests showed that the mitwind arrived at its permanent value 
well before the tenth turn of the whirling machine. The final correction 
for mitwind was not determined from direct experimental results alone, 
but also from deductions and conclusions from observations made by Mr. 
Dines during the progress of the experiments. It appears from the 
correspondence that the correction must be regarded as depending upon 
the actual length of run of the whirling machine, and the numbers 4:4 
per cent. for runs of one-tenth of a mile and 4°6 to 7:0 per cent. for runs 
of a half mile were adopted. The former number was derived from the 
following experiments of April, 1897 :— 


Mitwind per cent. 
Date, 1897 (One. sent nto sti 
ate, 1897. = je Ths 
Miles per hour. Revelecg Recclvine 
with Sun. against Sun. 
April 10 & 12 10 51 35 
” 30 8 59 39 
” 9 63 50 3-7 
” 30 63 3:9 
3 30 3 to 4 3:8 31 
» 9, 10 & 12 3 to 33 55 3-0 
Average . 53 3 
i ae 
' Mean 4:4 
a Ce) | 
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The latter numbers (44 to 7 per cent.) were derived from the following 
experiments in December, 1896, and May and June, 1897 :— 


With Sun. Against Sun. 
> Average of, 
d. Mitwind. with san. 
Date Whirler, ee Whirler, 5 against Bik 
tie® hou: eat | Per cont ; par bone: a, Per cent. | per cent. 
Whirkr. Whirler. 
1896. | 
Dec. 14 Sai ' SG iss ae Per 56 
7 age | eee eee rr) eos 83 
105 | 70 
3897. 
23 May.| 15 66 15 6:2 
25 (Ca 15 68 15 65 
24. =, 10 87 10 77 
25 —C,, 10 60 10 46 
12°5 70 125 6:3 66 
23 May.| 70 53 70 : 76 
8 June. 5°64 34 6:0 6°32 ‘31 49 
” 5°37 24 45 4°81 17 35 
9 , 5°37 22 41 4°80 16 33 
684 50 573 48 49 
8 June. 4°20 30 T1 3°41 ‘ll 3:2 
Sy 268 15 56 3-77 17 45 
9 , 2°95 07 24 2°80 16 57 
9 (, 277 : 29 2°66 15 56 
315 45 3:16 48 46 


Preliminary experiments on 29th December, 1896, had given 7 as the 
mean percentage correction, with a run of °45 miles. The corrections for 
mitwind based upon these observations, which represent the outcome of 
the investigation initiated by the Cowl Committee, are as follows :— 

Miles per hour recorded . §«6©24h—0 4 CGC Bsssd8 
Correction for mitwind, percent. 44 5 54 6 64 7 

Adopting these corrections, viz., 4°/, for yy mile run, and 44 to 7°, 
for 3 mile run, Mr Dines’s results at Oxshott for the comparison of the 
whirler with l-inch cup anemometer become, as shown in table XIV., 
and they are plotted on Diagram 24, p. 281. The results of the Hersham 
experiments in 1889 are given in table XIII., and from both this table 
and an intermediate curve is drawn the final curve which gives the 
computed relation, at any speed, between the true wind velocity and the 
Indications of the cups. 
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Table XITI.— Miniature Robinson Anemometer. 
l-in. Cups, 1j-in. Arms. 
Experiments by Mr. W. H. Dines at Hersham, 1889. 
Arm of Whirler 27 ft. Whirled against Sun 4),},="0054. 


27x12 
1 | 2 | 3 | 4 | 5 | 6 | 7 8 | 9 | 10 
oS i 
Whirler, Cups, | | FA 
s 2 males per hour. | miles ea hour. Factor. gg o 
£ ere ee a td 8 ee a 
ee Sedna sae Col 8 | Cols 
1 para Ss x + 
“ Separa! Separate Experi- o¢ - * 
| Sal | Experi- Average. | Experi- | Average.| ment. | Average | 22.2 0054. Col. 9 
as ment. ment, | _ 3 ess 
‘ 0 


92 ; 14-44 5°27 | 274 


93 3°88 3:88 1:20 1:20 3:23 3:23 | 1-21 : 02 1:22 
i 
| 

91 16-08 14°44 577 5:24 2°79 276 529 , 03 | 592 


85 | 1920 | 721 2°66 | 
{ 

84 | 19°82 6:99 | 276 

83 | 2008 | 1953 | 7-07 709 | 284 | 275 ' 716 +10 | 719 

88 | 20°92 157 2°76 | 

77 | 22:16 812 2°73 

87 | 2228 | 21:79 | 8:07 792 | 276 | 275 | 8-00 12 8-04 
86 | 24-80 9:27 2-68 

82 | 25°84 9-07 2:85 

90 | 26:24 9°45 2°78 

78 | 2632 | 25°80 9°48 9°32 2:78 277 | 941 14 9°46 

99 | 26:36 8-92 | 296 | 

95 | 27°60 10:12 2°73 


98 | 2760 | 2719 | 1073 | 992 | 257 | 275 | 1002 | 15 | 1007 
| 96 | 30°68 11-49 267 
97 | 31-24 11-44 273 | 
a4 | 31:56 | 3116 | 1216 | 1170 | 260 | 267 | ez | 17 | 1187 


~~ Col. 8 plotted on Diagram 23 (facing p. 280). 
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Table XIV.—Miniature Robinson Anemometer. 
l-in. Cups; 1j-in. Arms; Arm of Whirler, 7°56 feet. 


Complete Table of Results of Experiments by Mr. W. H. Dines at Oxshott, 
Surrey, 1896-1897, with correction for Mitwind. 


1 2 


g 3 Whirler revolving with sun. | 5 ¢ Whirler revolving agalost suo. 
8 i=} Se 8 HI 
5 : 
ae Ran | Deduct Artificial Cups, %% | Ban | Deduct Artifctal cu 
# a of for Wind, | miles | “OM of for miles 
Whirler, | Mitwind,| miles per oH Whirler, | Mitwind, one per 
8 Ss miles. | per cent. per hour. hour. as miles. | percent. | per hour.: hour. 


| 
ll “45 44 2:07 52 19 45 45 2:39 “50 
122 60 46 256 42 134 50 46 2°54 “64 
130 50 46 2°64 7 133 50 46 2°67 “68 
129 50 47 281 85 76 10 40 2°76 TA 
75 10 40 2:83 “89 18 45 47 2°86 “8 
48 10 40 2:88 80 49 10 40 2:88 78 
10 “45 47 2:86 95 —_ —_ 
— 10 40 300 05 2°68 68 
10 40 3:14 “88 
10 40 3°17 88 
10 40 3:20 “91 
10 40 3:23 “94 
10 40 3:29 “91 
50 48 3:25 87 
10 40 3:29 “94 
50 49 3°59 1-08 
10 40 3°64 1:00 
45 50 3°80 1-07 
10 40 3:84 1:21 
3°40 “98 
50 5:2 456 1:39 
50 52 4°55 141 
4:56 1-40 
10 40 5°40 1:82 
45 55 5°67 1:74 
55 5°67 1:87 
45 55 5°67 1:90 
10 40 5:96 1-99 
5°67 1:86 
10 40 6°40 214 
50 57 6°43 2:06 
10 40 6:40 2:13 
10 40 6°52 2:15 
10 40 52 2:20 
50 57 6°53 211 
10 40 6°64 2:22 
50 58 6:78 2:16 
6°53 214 
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Table XIV.—(Continued.) 


3 4 
s Fs Whirler revolving with sun. 3 3 Whirler revolving against sun. 
$36. —_____—_ es 
ze Run Deduct | Artificial | Cups, z z Buo Deduct | Artificial | Oups, 
y of for ind, miles of for Wind, mil 
Sa | whirter,| Mitwind,| mites per Sct | whirler, | Mitwind,| miles per 
as miles. | per cent. | per hour.| hour. as miles. | per hour. |} per hour. | hour. 
102 50 59 7-06 2°55 86 10 40 7:20 2-40 
85 ‘10 40 7:35 2°68 92 10 40 7:35 2:53 
91 10 40 7°35 271 24 “45 61 7-98 2°62 
6 45 6:0 7:52 2°81 ee —— 
7 “45 6-0 752 272 751 2:52 
73 269 80 10 40 8:23, 2°83 
13 45 62 8:44 278 
79 10 40 8:23 3:06 43 10 40 8°64 3:00 
5 45 62 8°45 3-16 are — 
— — 8-44 2:87 
8:34 311 
41 10 40 9°09 3:16 
4 10 40 9:09 3°44 22 45 64 9°36 311 
108 50 63 912 8:22 23 45 64 9°45 3°15 
46 10 40 9°34 3°54 106 50 6-4 9°36 3:07 
109 ‘50 64 9°36 3°43 107 50 64 9°36 3:13 
117 50 64 9°46 3°56 45 10 40 9°63 3:37 
40 10 60 9°60 3°73 115 50 64 9°63 3°19 
118 65 9:90 3°64 105 50 64 9°80 3:27 
110 64 9°73 3:64 39 10 40 9°87 3°43 
— — 116 ‘50 65 9°90 3:27 
9°45 3°53 = —: 
9°55 3:22 
42 10 40 10°17 3°88 
21 45 68 | 1240] 418 
‘ 4 67 11:20 4:32 
‘ 20 *45 69 13-03 4:49 
8 68 12:12 4°66 12 45 69 13°03 462 
97 BO 70 13°95 471 
1 69 13°03 5°05 99 30 70 18°95 4:82 
a 69 13°03 4:99 111 ‘50 70 13°95 4:87 
94 70 13°61 5°18 13°58 4°70 
98 70 13-72 5:23 
118 70 13°95 5:37 98 50 70 1419 4:86 


: 71 15:20 5:24 
a 112 ‘50 71 15:20 5°26 
114 15°20 5:25 
14°55 5°60 
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Some further light is thrown upon this subject by the experiments 
conducted by the Cowl Committee at the old Deer Park at Richmond, in 
the course of their investigation of the action of the wind upon the flow 
of air along open vertical pipes. In the course of these experiments when, 


Miniature Robinson Anemometer, 1-in. Cups, 1j-in. Arms. 
Experiments by Mr. W. H. Dines, at Oxshott, 1896-7, and Hersham, 1889. 


Velocity of Cups; Miles per Hour. 
1 Z 3 4 5 6 7 8 9 10 11 12 


AN WAH DAVYNDAOSS 


@ Hersham Experiments. © Oxshott Experiments. 


Diagram 23. 
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in addition to the anemometer, a Dines Pressure Tube had, been installed 
at the Hut, simultaneous readings were obtained from the pressure tube, 
the Kew Pattern Anemometer, the 1-inch cup instrument, and at the 
same time the flow of air up two of the tubes, which may be called 
the upcast, was also determined. During these experiments the Dines 
pressure tube occupied the position of the central pipe referred to later 
on, but the upcast for that pipe could be inferred from the flow of the 
two outer pipes in a manner which will be explained in the next section of 
this report. It is introduced here only as a basis for the comparison of 
the results obtained from measuring the wind velocity by the two anemo- 
meters and the Pressure Tube, and these results serve to indicate how far 
the factors of reduction adopted for the several instruments by the Cowl 
Committee, give concordant measurement of the wind velocity over 
the Hut. 

The results are represented, in the first instance, by Table XV., which 
is summarised in Table XVI., and the numbers are plotted on Diagram 25, 
p- 286, the curve of which accordingly represents the factors which must be 
emploved to give the actual velocity of the wind (assumed to be correctly 
given by the Dines Pressure Tube) from the readings of the two cup ane- 
mometers and the upeast in the two outside pipes of the Hut respectively. 

A different representation of the same experiments is given in Diagram 
26, p. 287, where, with the same base line, the actual velocity of the cups 
of the two anemometers and the mean upcast velocity of the two pipes is 
given by full lines, and on the same sheet, to a different scale and repre- 
sented by dotted lines, are given the velocities of the wind derived from 
the two anemometers, using the constants adopted by the Committee. 
For the purposes of comparison, a third line showing the velocity as 
recorded by the Dines Tube, necessarily a straight line from the con- 
struction of the diagram, was plotted on the original diagram, but is not 
reproduced, 

It appears from this diagram that the constants from the two anemo- 
meters do not give strictly concordant results for the wind velocity, and to 
exhibit this divergence more clearly Diagram 27, p. 288, has been prepared. 
In order to explain this diagram it should be pointed out that if the factors 
of one of the anemometers, the l-inch cups, be accepted as correct, the 
factors for the other can be derived from the simultaneous readings, and the 
factors thus obtained indirectly can be compared with those obtained by 
direct experiment. As the factors for the Kew instrument were only 
determined by direct experiment for velocities exceeding 13 miles per 
hour, and the factors for the l-inch cups were determined for a wider 
range, the simultaneous readings have been employed to determine the 

(Continued on page 289.) 
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Table XV. 


Comparison of Robinson Cup Anemometers and upcast in the two outside 
open pipes with Dines Pressure Tube Anemometer. 
Ratios arranged according to Wind Velocity as recorded by Dines Pressure Tube. 


{ 


id 
ooo 
add 

to 
g 

oo 

~~] 

BS 

ey 

ie} 

o 
torn 
COOH 
— Pe 

eo 

3} 

= 

rs 

So 

S 


' index | Velocity Ratio (Dines). Index | Velocit Ratio (Dinea). 
of expert. Dee | 1in. | Upcast, U t. of expert [ Baaioe lin | Upceast.| Upcast 
moa | Here | ow. | 2, jUpmet{Cpeawe| tae) Bresare | ew. | gr [eget Cpa 
Miles per | | aailes per 
jour. ' our. 
7790 | 48 | 2:23 ; 229 | 281 | 287 7669 92 | 244 | 286 | 3:57 | 364 
' | | 7716 | 90 | 2-42 | 2-94 | 3°65 | 372 
772 56 | 218 221 | 2-85 | 2:90 7724 98 | 258 | 2-79 | 3-78 | 3:87 
775 | 99 | 242 | 298 | 371 | 379 
7658 | 60 | 279 ; 2:75 | 3:30 | 3:36 1778 92 | 240 | 2:96 | 3-70 | 3-77 
7660 | 62 | 219 255 | 3-00 | 3:07 Ti 99 | 2:25 | 2-95 | 369 | 3-77 
1 7657 | 65 | 261 | 2:79 | 333 | 3:39 7780 98 | 276 | 324 | 392 | 3-99 
| 7718 | 6-4 we 279-343. | 3°50 7787 gt | 224 | 285 | 3:53 | 3°61 
— |—-|—- | —- | 7791 91 | 2:36 | 2:86 | 362 | 3-69 
63 | 2:53 a 3:27 | 3:33 95 | 233 | 294 | 372 | 380 
aed oe aes | een eae oes 7665 | 101 | 250 | 299 | 372 | 3:80 
7659 | 7-5 | 248 | 2:82 | 3:37 | 3-44 | 7668 | 100 | 241 | 295 | 367 4 3:74 
7063 | 77 | 207 12-91 | 3:57 | 36; 7676 | 106 | 2:28 | 284 | 360 | 367 
7677 | 77 | 236 | 2-76 | 329 | 3:36 7679 | 105 | 245 | 301 | 3:95 | 4:03 
7 pve pea 7723 | 107 | 266 | 280 | 380 | 338 
T27 | 72 | 258 | 273 | 360 | 3-69 7736 | 10-2 | 291 | 2°94 | 4-06 | 4:14 
iN7 | 73 | 2:33 | 2°68 | 3:33 | 3.40 é " hos (07 1415 
7733 75 9-24 | 256 | 322 | 3-28 7744 10:0 2°76 > 
m9 | 57 | 940 1270 | 346 | 333 7748 | 105 | 291 | 297 | 4-09 | 418 
| 9734 78 2:63 264 | 3:63 | 3 71 7768 10°0 252 | 315 | 384 | 3 93 
7792 768 2:33 | 2°67 | 323 | 3:30 T7184 10°3 2°32 289 | 3°67 3°75 
—- |—|— | — | | 103 | 257 | 296 | 385 | 3-93 
| 75 | 246 | 272 | 3:39 | 3-46 
| 7672 | 115 | 2:38 | 294 | 367 | 3 
| 7664 83 | 2:40 | 292 | 354 | 3°61 7674 | 119 | 245 | 294 | 3-70 | 3-78 
' 7666 88 | 246 | 2:80 | 3:50 | 3°57 7680 | 119 | 2°33 | 297 | 386 | 3°94 
| 7667 82 | 2:59 | 2:85 | 357 | 3°65 7737 | 11:0 | 2:87 | 3:08 | 4:30 | 4:38 
7720 87 | 2:31 | 272 | 3:53 | 3-60 7738 | 116 | 258 | 292 | 3:85 1393 
: F721 87 | 221 | 272 | 3-42 | 3-48 7753 | 113 | 250 | 288 | 3°75 | 3-83 
Tr. 88 | 2-74 | 282 | 3:85 | 3:93 7761 | 11:8 | 2°55 | 2°70 | 3:84 | 3-89 
VT 85 1271 | 271 13-70 | 3-78 Vi 115 | 249 | 3:12 | 4:05 | 4:10 
17726) 8-7 | 256 | 2-72 | 361 | 36 7764 | 110 | 2:73 | 322 | 408 | 4:17 
Ti 88 | 2:56 | 2°75 | 3-72 | 3-79 7765 | 11-4 | 2:45 | 2-96 | 374 | 3:81 
| 7730 84 | 2:32 | 2-66 | 3-44 | 3-50 7770 | 116 | 2-49 | 3:09 | 3:93 | 4:00 
pic 87 | 2:80 | 2:88 | 3499 | 407 7772 | 11:8 | 2-41 | 3:02 | 380 | 3:87 
| 182 86 | 274 1276 | ... 7774. | ld | 243 | 2:99 | 3-77 | 385 
LG 83 | 277 | 2:89 | 3-71 | 3°78 7781 | 119 | 228 | 294 | 371 | 379 
reo 88 | 2:55 | 2-98 | 3-70 | 3°78 7782 | 11:5 | 220 | 292 | 364 | 3°72 
T7716 88 | 274 | 3:00 | 3-78 | 3°81 7785 | 117 | 245 | 3:13 | 3°87 | 3:95 
7789 84 | 2:37 | 2:91 | 3:50 | 3:57 7786 | 110 | 2:36 | 295 | 3-74 | 3°81 
86 | 247 | 2:90 | 3:67 | 375 7788 | 11:0 | 2°33 | 288 | 3°60 | 3:87 
86 |255 1276 | 364 | 371 115 2:98 | 3:84 | 3°92 
t 
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Table XV.—(Continued.) 


Comparison of Robingon Cup Anemometers and upcast in the two outside 
open pipes with Dines Pressure Tube Anemometer. 


Ratios arranged according to Wind Velocity as recorded by Dines Pressure Tube. 


Index Dene A Ratio (Dines). i ' Index pea | Ratio (Dines). | 
number" py ities = 7 i | number by Dines ; —— : ; 
ot experts year -. | lin. Upcaat.) Upeast. ofexperi-| praccur lin. | Upeast.; Upcast. 
| ments Mahe ion ! eae \ | ane ; ment. oe Kew. | bine. fa | sy 
Moles per , Miles per 
hour. "hour. 
TRL | 125 | 240 | 2-97 | 3:89 | 3-97 wi | 152 | 262] ... 1395 | 403 
a4 | 124 | 292 | 3-00 | 423 | 431 wiz | ips {266 | o. | 408 | £17 
Tah) 122 1271 [303 | 405 | 4:13 T4l ! 157 | 2:59 | 2:95 | 3-98 | 4-06 
7747) low | 2st | But | 423 | 4°33 Til | 158 | 275 | 21 1 419 | 428 
TT54 125 240 | 284 | 3-76 | 3°80 ws Sen 1 og 401 | £10 
mas | i290 [oar | 292 | 326 | 04 155 | 262 | 293 . 4Ul | 4°10 
7767 | 122 | 256 | 307 | 3-95 | 4-02 w635 ; 165 | 2ne |... 404 | 413 
T771 | 122 | 262 | 316 | 420 | 428 7350 | M4 [259 | 2. 1 sus | 416 
7773 | 127 | 24S | 289 | 3-76 | B84 7683 | 163 207 7 ae 497 
saa ere ex : 7  TeRt | 163 | 25 we 393 | + 
| 126 | 260 | 298 | 40l | 409 W694) 165 | QSL | 3:38 | 3-96 
7629 | 198 | 263 |... | 407 | 416 7709 | 165 [256 | .. | 47 | 426 
7670; 130 | 24 | 297 | ad | 3-99 T7592) 162 | ae | 292 | 4:39 | 448 
771 | apd | 244 1306 | 400 | 4-08 : Syral eeae ae 
we7a | iso | 231 | 285 | ss 371 164 | 260 | 298 oe 415 | 
W732 | 139 | 233 1293 1383 | 3-91 7644, 176 «| 254] 2. | 409 | 4:18 
778 | 139 | 209 | | 409 | 4-08 45° 172 | 2as | oo. | al | 419 
7739 | 135 | 263 | 289 | 3-97 | 405 a2 | 170 | 222 | 272 | 387 | 364 
7760 | 138 | 254 | 2-98 | 392 | 3-99 ws7 | rd | oet |. | 409 | 417 
7762 | 133 | 245 | 296 | 3:88 | 3-92 7699 | 178 | O50 |... , 3°75 | 3-78 
7769 | 130 | 287 1279 | 371 | 3-79 7705 | 173 | 251 |... | BRB | 3:96 
e777 | «132 | 250 | 308 | 403 | 4:12 7740 | 170 (| 26r | 292 | 403 | 4-11 
cS ea ae peasy pases peor pene rae Da 2209 1 4 “) 
135 | 248 | 295 | 390 | 3-98 CUBE AEP! (28 eee ene ee 
Ler Sh we De Ql ’ 
: “043 ) 140 fos9 |. | aan | ang 173 284 | 36 | 404 | 
: 7653 14:3 DAD 411 | 419 7636 18°4 2:57 o #15 | 4°24 | 
W655 | 143 | 263 | Ll | a8 | 426 7638 | 188 | 246 | 2. | 406 | 410 | 
7685, 143 | 268 | 312 | 402 | 410 7646 | 189 [Ona | of als | 4b | 
7688 | 144 J 26e | .. | 398 | 406 7648) 185 [234 | .. | ald | 4-23 
75 | 10 | 258 3-90 | 3:97 7x9 | ISL | 256 |... | 395 | 4:03 
7713.1 147 | 270 | lL. | 426 | 434 wiu2 | 185 | 246 |... '379 | 388 
7749 | 14a | 275 | 298 | 420 | 428 TT | 186 | 25d |... | 400 | 408 
7759 | 140 | 245 | 283 | 379 | 3-83 383 | 253 : roa) ai 
let | 262 | 298 | e068 | 414 aan eee: gene pera ee 
7830 | 154 | o77 |... | 418 | 426 749 | 199 [258 | 1. 416 | 4-24 
76341 169 | Das | 1. | 415 | 424 7691 | 195 | 2-48 , 3°78 | 3:86 
m4. | 14 |a6o | 2 | 420 | 427 7607 | 195 | 250 386 | 3-94 
Tol | 198 | 260] 2. | 409 | 417 7698 | 194 | 2-14 383 | 3-91 
7685) 153 | 260] 2. | 3-90 | 398 ao. | Sa Rerre rere 
; | 90 | 151 | 264] | 394 | 403 195 | 252]... 395 | 403 
7092; 168 | 205 | 2. | 3-90 | 3-98 7701 | 200 | 2:34 | ... 1358 | 365 
\ 7693 | 158 | 2e2 | lo | 389 | 397 7703 | 205 | 2-47 Bat | 3-88 
5605) aT 250 .. | 382 | 3:89 ‘Se Sar Se ee 
“ “704 ' 153 [255 | | 897 | 403 | 203 | 240 2 ‘l | 377 
j 1 7705) 193 | 255 | 1 | BR | 3-96 7637 | 915 | 2:50 | .. | 415 | 4-23 
Tw) 159 | 258 | 0. | 410 | 419 7700 215 | 231 3°75 | 3-79 
| 215 «| 251 | 3:95 | 401 | 


Notr.—(a) is Upeast with no correction for direction of wind; (0) is Upcast with a correction applied for 
i direction of wind. Calculated as described in Part LV. 
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Low VELocitTIks. 

In plotting the diagrams for ‘** Upcast” flow, compared with the different instru- 
ments for measuring the velocity of the wind, no entry occurs of a less velocity than about 
100 feet per minute, so that experiments made with a less velocity may be supposed to 
have been disregarded. This gives a flow of about the same magnitude in the upcast 
of the central pipe. 

In tabulating the results fur cowls, the smallest value taken for the readings of 
outside pipes is 58. For these experiments the rule adopted was to reject any result when 
there was less wind than that corresponding to 9 revolutions per minute of the cups. 

The compass diagrams in Part IV. include fifteen experiments with very Jow velo- 
cities between 0 and 1U0, but the results are very uncertain und are marked by Mr. Field 
as unreliable. 


Table XVI. 


Comparison of Robinson Cup Anemometers and upcast in the two outside 
open pipes with Dines Pressure Tube Anemometer. 


Experiments made at the * Hut,” Old Deer Park, Surrey. 
¥) ’ y 


Wind velocity; Number of Dines. | Dine a Dine: . Pins 


by Dinea "| experiments —_ i — > —_ 
Pressure Tube. averageu. Kew pattern. | Lin. cups. Upcast. (a) Upeast. (6) 
| 
1 2 | 8 4 5 6 
Miles per hour. | H 
48 1 2°23, 2:29 2°81 2°87 
6 : 1 2:18 2°21 2:85 2:90 
6:3 4 2°53 2°72 327 3°33 
75 ll 2°46 2°72 3°39 | 3°46 
86 17 255 2°76 3°64 371 
9°5 12 2°53 2°94 +72 i 3°80 
10-3 lu 257 2°96 3°85 | 3°93 
15 18 2:46 2:98 3°84 3-92 
12°6 13 2°60 2°98 401 4:09 
135 ll 2748 2°95 3°90 ' 3°98 
14-4 9 2°62 2°98* 4:06 4°14 
15°5 16 2°62 2:93t 401 | 4:10 
16°4 7 2°60 2°98+ 407 : 4:15 
17°3 8 2:42 2°84* 3:96 4°04 
18°5 7 253 4:03 411 
195 5 252 3°95 4.03 
20°83 2 2-41 371 ‘ 377 
215 2 251 3°95 401* 


* Three experiments only; t two experiments only; } one experiment only. 


NoTE.—(a) is Upeast without correction for direction of wind; (b) is Upcast with 
correction for direction of wind. 


From detailed Table, dated October 12th, 1900. 


286 
Robinson’s Cup Anemometer. 


i _ Diagram of Factors of Reduction (illustrating Table XVI.) 
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factors of the Kew Pattern instrument over the wider range, and these 
factors corresponding to a given run of the cups have been set out on the 
diagram in the lower dotted line, while the factors for the 1l-inch cups and 
the factors for the Kew Pattern over the limited range of direct experiment 
are shown by full Jines. The divergence between the factors of the Kew 
Pattern instrument, as determined indirectly and by direct experiment, is 
thus clearly shown. 

With regard to this diagram it should be noticed that the Kew 
anemometer was erected at one end of the Hut and the I-inch cups at the 
other end; while the Dines pressure tube replaced the centre pipe (see 
Diagram 18, page 262). The divergence between the readings shown on the 
diagram must therefore not be regarded as necessarily due to errors in the 
factors of the anemometers. It may be due, to an extent which is unknown, 
to the difference of position of the instruments, and it is to be noticed that 
the mean of the plotted wind velocities as derived from readings of the 
Kew Pattern and the 1-inch cups (see Diagram 26, p. 2837) agrees with the 
Dines reading within about 2 per cent., which is not an extraordinary esti- 
mate of the difference of upcast between the centre pipe and the mean of 
the outside pipes, as detailed in a subsequent chapter. For these the differ- 
ences of exposure were not so great as in the case of the two anemometers. 

Simultaneous observations of the upcast and anemometer readings 
were made in 1895 and again in 1898. In what has already been said, the 
results of the two sets of experiments have been combined, and it has not 
been regarded as necessary to treat them separately; but in the final 
Diagram 28, p. 291, referring to this part of the subject, the results of 
the separate series of experiments are separately indicated. This Diagram 
may be regarded as embodying all the results of the Committee’s work 
upon the determination of wind velocities. 

As base line in this diagram the upcast is taken—it may be either the 
upcast in the central pipe if that was free for the purpose of observation, 
or the mean of the two outside pipes if the central pipe was occupied by 
the Dines pressure tube. The observations corresponding to the separate 
curves are indicated on the diagram itself, and the differences of ordinate 
indicate the amount of divergence of the different measures of velocity. 
It should be noted that these divergencies include not only what is due 
to the uncertainties arising from any want of accuracy in the constants of 
the instruments and from any peculiarity of position, but would also be 
affected by any errors arising from uncertainties in the reading or compu- 
tation of the upcast. Under these circumstances the divergences which 
do not amount to more than two miles per hour in the values of the wind 
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velocity, indicate as satisfactory an agreement as could be expected, and 
they point to the exercise of great care in the working of the instruments 
and the arrangement of the experiments. 

To test the effect of changes of winds and gusts upon the two Robinson 
anemometers, and the air-meter in the upcast pipe, Mr. Peggs on the 22nd 
and 28th June, 1895, arranged a number of simultaneous readings of the 
three instruments for successive intervals of half a minute. Very few 
observations with the Kew Pattern instrument were made; those with the 
1 inch cup anemometer indicate that it is somewhat more sensitive to 
rapid changes in the velocity of the air, than the meter in the tube. This 
is only what might be expected on account of the inertia of the air in the 
tube, which has no counterpart in the measurements with the 1 inch cups, 
and which would tend to make the flow in the tube permanent, as in all 
cases of the flow of fluid along a pipe of greater or less length. The 
results for neither instrument are reduced to actual flow of air, The 
observations were plotted by Mr. Peggs, and are preserved with the other 
papers, but are not reproduced here. 

Observations were also made with Hlagemann’s anemometer (Annuaire 
de l'Institut Météorologique Danois, 1876) for the purpose of testing the 
instrument, two specimens of which were obtained for the committee. It 
depends for its action upon the diminution of pressure produced by air pass- 
ing over the mouth of a tube, but after a few trials the instrument was not 
further used. A similar principle has since been applied in Mr. Dines’s 
Pressure Tube anemometer. 


EXPERIMENTS ON CANDLE FLAMEs. 


In order to be able to measure the velocity of very light currents of 
air, experiments were made with candle flames. The flames were blown 
by the air discharged from a gas holder. The actual velocity of the 
current was determined by calculation of the amount of air delivered by 
the gas holder in a measured interval of time. Two methods were used 
for obtaining the reading of the inclination of the flame. In the first 
method the candle formed a continuation of a movable arm that passed 
over a graduated quadrant from the vertical, and the reading was taken 
when the flame exposed to the draught, and the arm supporting it, were 
in line ; and secondly, the candle was held vertically and the inclination 
of the flame measured with a clinometer. Diagram 29 is a sketch of the 
form of the first arrangement. The candle was a sperm standard as used 
for gas testing. The results are given in Tables XVII. and XVIII, pp. 
203-294, 
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CLINOMETER. PLOTTED © ON DIAGRAM 30. 


Velocity, 
feet per min. 


20°49 
20°98 
20°74 
20°01 
21-23 
21°47 
26°80 
26°35 
26°35 
26°35 


Angle 


from N 


Vertical. ‘2 


oO. 


10 


19 


Velocity, 
feet per min. 


67:07 
53°19 

2°46 
62°21 
51°73 
54:17 
53°19 
63°19 
53°19 
53°19 
50°54 


53°92 


65°88 
61°73 
61-48 
61:00 
61-73 
65°88 


62°95 
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Angle Velocity, Angle 
Vertical. | No. | feet per min. Vertical 
44° 19 | 8588 58° 
32 85-40 55 
32 20 | 85°89 55 
32 8r18 56 
33°5 86:38 54 
39 85°40 55 
39 29 | 87 66 
38 86-38 63 
375 85°89 61 
37° 86-38 62 
47 ae z 
eo. 85°57 56°7 
374 | 92 | 97-60 585 
96°33 BT 
i 97-60 57 
a 95°62 B75 
i 23 | 98:82 60 
= 92°72 57 
a 93-94 575 
ey 25 | 95:16 60 
oe 93°45 59 
wo | 28 | 9101 60 
ies 95-33 58-4 
45 | 22 | 100-40 58:5 
48 23 | 10028 59 
48 101-02 60 
48 25 | 10126 62 
52 100-40 60 
53 24 | 102-48 59 
51 27 | 10882 60 
49 28 | 10760 60 
BOA 108-82 61 
50° 105-92 61 
50 10°51 615 
5 a =y 
103-86 60-2 
. a7 | 114-49 67 
4 110-29 62 
Pe 110°37 60 
110-04 62 
are 110°04 62 
509 | 93 | 113-70 68 
119:56 66'5 
= 31 | 11858 72 
56°5 113.38 649 
55 -——— | — 
55 28 | 120:30 6 
51 26 | 12078 61°75 
52 120°78 61 
61 31 | 126-88 75 
10 32. : 
te 12219 66-2 
ee 30 | 14933 | 65 
. 152-25 85 
BT'S 15079 65 
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Table XVIII.—Candle Flame Experiments. 
QUADRANT. PLOTTED @ ON DIAGRAM 30. 


' + Angle . Angle 
Velocity, Velocity, Velocity, 
No. | feet per di: | A Use No. | fect per min em No. | feet per ahs: 
32 16°59 9° 47 42:00 38° 53 87°35 
16°59 9 48 4758 41 87:11 
16°10 9 46 48°07 46 
18:30 ll 46 47-82 33 87°23 
33 19°52 13 46 48:31 33 
19°52 115 44 48°80 32 
19°52 10 44 49°53 32 
—— — 53 93°94 
18°02 10°4 47°44 36°4 92°47 
—— —_— —— — 54 97°60 
97°60 
93°94 
33 20°35 95 46 54°90 33 95°89 
20°49 10-0 50°75 33 97°60 
35 20°74 14:0 48 50 02 45 97°60 
2°45 13 44 50°02 32 55 97°60 
34 22°69 ll 50°75 38 
2684 14 55°87 41 96°03 
26°35 14 49 53°68 44°5 = 
36 25°37 15 53°68 45 
25:37 16 53°68 44 
37 26°80 15 57°34 49 55 122:00 
26°80 16 122°00 
26°80 16°5 53:07 40°45 122°49 
38 23°37 16 —- 122-00 
29°77 20 120°78 
29°52 20 120°29 
30°50 20 46 69:54 40 56 12440 
29°52 20 50 61:00 44 11590 
39 26°84 25 62°71 45 119°56 
25°62 25 61:97 46 - 
28°60 26 61-00 45 121°05 
42 24°90 26 62°46 44 = 
24°90 26 62-71 44 
- — 62°71 45 
25°76 176 51 61:00 50 
— 60°50 6l 
60°50 51 
40 36°60 25 62°57 45°9 
36-11 25 — — 
36°11 25 
157 25 
41 38°31 26 51 75°64 55 
86°35 26 75°64 54 
35°86 25 52 75:15 50 
43 33°67 32 74:18 55 
8416 32 74:90 55 
34°65 32 7515 55 
35°60 3L 7515 55 
45 39:00 36 46 70°76 43 
—_—_ 72-95 39 
36°17 28°3 —— — 
_—_ —_ 74:39 51'2 
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These results, given in Tables XVII. and XVIIL, are represented on 


the following curve :— 


Experiments on Measurement of Air Currents by 
Candle Flame, 1879. 


Nore. —By Clinometer shown thus © ; by Quadrant shown thus @ The figures against 
each plot indicate the number of experiments averaged. 


Diagram 30. 


Digitized by Google 
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Sir Douglas Galton had previously given in his “ Healthy Dwellings” 
the following table :— 


Velocity of flow of air Angle of inclination of 


flame of candle with 
Feet rer second. horizon. 
16 3u2 
10 40° 
0.75 50° 
0.50 60° 
0°40 65° 


These experiments were intended to furnish a means of determining 
the lowest velocity of air which would move the cups of the small (1-iach) 
anemometer. 

By the use of the method the minimum current required to move the 
cups was found to be 1:7 feet per second; a walking test in Mr. Rogers 
Field’s office, at 7, Victoria Street, gave 14 feet per second. 
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PART IV.—COMPARISON OF THE FLOW 
OF AIR THROUGH OPEN TUBES. 


The Experiments at the Hut in the Old Deer Park. 


The regular experiments at the hut in the Old Deer Park were mainly 
of three types, viz., “ Upcast,” “ Down-draught,” and “ Injector.” 

In the Upcast experiments three galvanized iron pipes were fixed in an 
upright position so as to project through the roof of the hut and through 
the platform above it, terminating about 4 ft. 6 in. above the level of the 
platform. Three 4-ft. lengthening pieces of zinc were fixed on the top of 
these galvanized iron pipes, and the cowl or terminal to be tested was 
fixed in an upright position on the centre pipe. The positions of the 
Pipes and of the Robinson Cup Anemometer are shown in the drawing om 
Diagrams 15—19, pages 256 and 261. 

In the Down-draught experiments only the centre pipe was made. 
use of, and the cowl or terminal to be tested for down-draught was. 
fixed on it by means of an 
elbow tube (figs. 8 and 9). 
This arrangement enabled the- 
cowl or terminal to be inclined 
at different angles, either 
towards the wind, so as to 
represent wind blowing down- 
wards, or from the wind so as to 
represent wind blowing up- 
wards; a separate elbow tube was 
used for each different angle. 

Besides these experiments 
upon Cowls or Terminals in- 
clined to or from the wind, 
subsidiary down-draught ex- 
periments were tried upon 

Fig. 8. Fia..9. Cowls or terminals fixed on a 

; pipe in an upright position 
with a board at different distances behind (see p. 439). The object of 
these experiments was to ascertain the circumstances under which a down- 

VOL, XXII. PART ITI. U 
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draught would be caused in the pipe if the wind were obstructed by a 
board placed in the position experimented on. 

In the Injector experiments the three upright pipes alluded to above 
were made use of. The Injector to be tested (whether cowl or terminal) 
was fixed in an upright position on the centre pipe so that there was a 
downcast in the centre pipe and an upcast in the two outside pipes. 

The large majority of the tests consisted of Upcast experiments which 
were of three kinds, viz., upon Open Pipes, Cowls, and Terminals. 

A pipe is called an “Open Pipe” whether it is straight or bent in its 
«ourse, provided that the termination exposed to the wind is a normal 
transverse section of the pipe. For the larger number of the experiments 
all three pipes were used, and they were straight open pipes arranged 
vertically, but for the special experiments on down-draught only one 
pipe (the centre pipe) was used, and it was a plain open pipe with an 
-elbow about 2 ft. 6 in. from the orifice. 

A “Cowl” is any contrivance sold by manufacturers for the purpose of 
automatically producing or improving the flow of air in a pipe. In the 
Cowl experiments the cowl was fixed on the centre pipe, and the two 
outside pipes were left plain open pipes. 

“Terminal ” is the name originally given to slight modifications of the 
shape of the orifice of a pipe for experimental purposes, but its meaning 
has been extended to include more elaborate modifications of the outlet 
and appendages added for experimental purposes. In terminal experi- 
ments the terminal was fixed on the centre pipe, and the two outside pipes 
were left plain open pipes. 

The experiments on Open Pipes were further sub-divided according to 
the size of the pipes 3 in. or 6 in., and according to the period at which 
the experiments were tried. The reference “early experiments” applies 
to those prior to November, 1894, and “later experiments” to those 
subsequent to that date, when the experiments were of a mure trustworthy 
character in consequence of the experience gained from the early work. 

The line along the hut in which the pipes were placed was from S. by 
W. to N. by E., or roughly South and North, as shown on diagram 
17, p. 261. For convenience of reference the South Pipe is hereafter 
referred to as Pipe A, the Centre Pipe as Pipe B, and the North Pipe as 
Pipe C. 

The whole number of experiments at the Old Deer Park extended to 
about 9,000, including all experiments on Open Pipes, Cowls, and Terminals. 
These were entered on a specially prepared form, which has become known 
as the ‘Complete Tabulation.” In it the results are grouped according to 


Report oN Cows AND TERMINALS. 299 


. the type of terminal or cowl that was the subject of experiment, and the 
form of entry is similar in the case of Open Pipes. The tabulation pro- 
vided for the entry of the day and hour of the experiment, its duration, 
the temperature at three points, the wind direction, the run of the anemo- 
meter, the readings of the air meters, the upcast velocity deduced from 
the readings of the air meters by the standard curves already described 
with a column for remarks indicative of special circumstances that were 
noticed at the time of the experiment. 

In the case of Open Pipe experiments columns were provided for the 
mean of the outside pipes A and C, and for the percentage difference 
between that mean and the reading of the pipe B, which was called the 
standard. The form of the tabulation was slightly modified to provide for 
the case of Cowls and Terminals. A specimen of the Complete Tabulation 
of experiments on one particular form of terminal, viz., that which gave 
the best average numerical result, is reproduced in a later section of this 
report, p. 396, and may be referred to as indicating the modification of the 
form of the complete tabulation for cowls and terminals. 

Of the 9,000 experiments a very considerable number were rejected by 
Mr. Rogers Field, some in accordance with general rules laid down, and 
others after personal inspection. So far as Open Pipe experiments are 
concerned, the general principles were to reject (1) all later experiments 
which corresponded with an anemometer reading below nine revolutions of 
the cups per minute, (2) experiments in which the upcast velocities in the 
P ipes A and C showed a difference of 10 per cent. Besides experiments 
rejected on these grounds, a number were discarded because they were 
regarded at the time as being for some reason unsatisfactory. The cause 
of rejection is given in each case in the remarks column of the Complete 
Tabulation, Of the 1,037 experiments on open pipes 238 in all were 
rejected, 15 on account of the low velocity of the wind, 68 on account of 
the difference between the readings of the outside pipes, and 155 at the 
ae of the experimenter subsequently confirmed by Mr. Rogers 

ield. 

The Complete Tabulation of the experiments on Open Pipes contains the 
results of the upcast experiments, the down-draught tests with pipe 
inclined from the vertical, and the tests for down-draught due to a board 
behind the terminal. 

An index number was given to each experiment as a means of reference 

Cause the classification of the results necessitated the averaging of large 
numbers of experiments taken on various dates. From the recorded 
revolutions of the Robinson cups during the interval of each experiment, 
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the run of the cups in feet per minute was determined and entered in the | 
table. The direction of the wind was entered as in the original book, in 
many cases verified by comparison with the wind records at the Kew Obser- 
vatory as explained later. The registration shown on the dial of the three 
air meters which recorded the upcast in the three pipes was reduced by 
means of the Standard Curves, Diagrams 5 and 6, p. 235, and by the 
method described on p. 233, to actual velocity in lineal feet per minute in 
3-in. pipe. The percentage differences between the mean upcast in the 
two outside pipes and that in the centre pipe were then calculated, thus 
bringing the whole of the open pipe tests on to a comparable basis. 

Only a few Open Pipe experiments were made for down-draught. The 
results were entered on a specially prepared form of tabulation, and will 
be referred to in Part V. of the report. 


Wind Direction. 

In order to determine the direction of the wind in the course of 
the experiments, a light flag of cotton waste fibre was used. The fibre 
was attached to the top of an iron rod which stood on a compass board, 
and the whole apparatus was placed about 20 feet away from the Hut 
on the windward side. A similar contrivance was also fixed on the 
platform above the Hut at the North end of it. The direction in the 
latter case was identified by landmarks taken from the Ordnance Map. 
For carrying out the experiments the duty was divided between two 
observers, one inside the hut who read the air meters, and the other 
outside who determined the direction of the wind. If there was any 
difference exhibited between the flag on the Hut and that on the ground 
the indication of the former was adopted. 

In order to check the determinations of wind direction, the observa- 
tions in about 1,500 cases were compared with simultaneous readings of 
the anemograph at Kew Observatory. The cases originally selected for 
comparison were those in which there were abnormal differences recognised 
in the upcast readings. Later on it became the practice to keep a regular 
comparison between the Observatory readings and the observations at. the 
Hut. In all 3,000 such additional wind readings were taken. The practice 
was continued until the death of Mr. E. Dagwell, a member of the staff 
of Kew Observatory, made it impracticable to continue the comparisons. 

There are a few cases in which the observations at the Hut differ from 
those at the Observatory by as much as two points of the compass (224°). 
On one occasion with a light wind there was as much as 90° of difference 
between the two, but for the most part the agreement between the read- 
ings at the two stations was quite satisfactory. 
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In those cases where there was any important difference, the reading 
was corrected in accordance with a code of rules drawn up by Mr. Rogers — 
Field, or the cases were referred to Mr. Field for decision. It may be 
understood that the wind directions are not held to be accurate to within 
one point of the compass. 


Results of the Open Pipe Tests. 

The initial question to which the Committee applied themselves was to 

determine in what way an Open Pipe Standard could best be obtained with 
which to compare the upcast velocity in the centre pipe when a cowl or 
terminal was placed upon it. To do this it was necessary to ascertain how 
the upcast in the central Open Pipe could be inferred from the upcasts in 
the two outside Open Pipes. For this purpose a comparison was made 
between (1) the upcast velocity in the centre pipe B corrected by means of 
the revised standard curves described at pages 235, 236 and 265, and (2) the 
mean of the upcast velocities (similarly corrected) in the two outside pipes 
A and C, and the differences per cent. between the two were calculated for 
the early experiments. The percentage differences were entered in separate 
columns on the sheets of the Complete Tabulation according to whether 
they were positive or negative. As they were very irregular, tables were 
prepared in which the differences per cent. were arranged according to the 
direction of the wind, and all the differences, positive and negative, 
were averaged algebraically for each point of the compass. The manner 
in which these tables were prepared will be seen from the appended 
example :— 


| E. E. by 8. £E.8.E. 
Be Ee |b a 
Index No. of Difference Index No. of Difference Index No. of Difference 
Experiment. | per cent. Experiment, per cent. Experiment. per cent. 
36 0 330 -2 460 0 
37 0 331 —2 1008 —-3 
38 +1 334 —4 1383 +1 
41 —-2 836 -—3 1384 +2 
42 —2 338 —4 1397 +1 
43 -1 340 —2 1474 0 
44 —2 479 —2 
45 0 482 0 
46 +1 
47 1 
176 0 
303 +4 
308 +6 
312 +7 
342 0 
313 0 
402 0 
408 1 
411 care 
1340 +3 
1341 +4 
1618 =] 
1951 -3 
*3Expmts.| +08 | 8 Expmts. —24 | 6 Expmts. +02 
Mean Mean Mean 
pee 2 WE. oe ae 
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fi The average differences, both of the 3-in. and of the 6-in. open pipe 
ag experiments were then plotted in compass form upon the following 
Lg diagrams :— 
3-inch Open Pipe Experiments; all three Pipes. 
(Excluding Experiments in which the Upcast of A and C differs by 
more than 10 per cent.) 
Diagram showing difference per cent. between Upcast® of Pipe B standard and 
that of mean of Pipes A and C, arranged according to direction of wind. 


The outer circle represents the standard (Pipe B), and the inner circle represents a scale 
! of differences per cent. from the standard. 

Jt The full circle joined by dotted lines represent the actual average difference per cent. 

' : between B and mean of AandC. The figures in circles represent the number of experi- 

ments from which the averages are obtained. The figures outside the pointed brackets 

shew the corrections adopted for that segment, and the small figures below these cor 

rections give the number of observations included. 


* Upcast velocity feet per minute (corrected) 
i Diagram 31. 
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6-inch Open Pipe Experiments. 


(See Heading to Diagram 31). 
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The average percentage differences were found to vary so much that a 
special investigation had to be made to ascertain the cause of the varia- 
tion. With this object the percentage ratios of upcast in the three pipes 
were calculated, taking Pipe B as 100, and entered in two three-pipe Ratio 
Compass tables in which the ratios were arranged according to the direc- 
tion of the wind, with a subsidiary arrangement according to the sign — 
or + of the percentage difference, as shown by the following extract from 
the tables :— 

1 {| is | 19 | 2 | | | | zi2 
Pipe Three inches Internal Diameter. 


Ind 
Number Upcast Velocity (corrected). Ratios. fay ietd 
of per cent. 
Experiment. Pipe Pipe Pipe A | B c raat See 
A 8 c | oo | os 
| 
V V e Ss. V V ' 
69 3l4 316 322 99 100 102 1 
70 279 281 287 99 100 102 1 
124 241 243 248 99 100 102 1 
208 154 155 164 99 100 106 3 
423 159 159 159 100 100 100 0 0 
787 201 206 217 98 100 105 1 
492 171 172 183 | 99 100 106 3 
799 339 356 102 100 107 4 
883 329 323 336 102 100 104 3 
884 372 368 372 101 100 101 1 
903 220 219 221 100 100 101 1 
1060 288 297 811 97 100 105 1 
1295 8&4 83 86 101 100 104 2 
1351 140 144 151 100 105 1 
1373 165 167 169 99 100 101 0 0 
1402 291 296 317 98 100 107 “! 8 
1468 95 92 92 103 100 100 2 
1507 253 258 263 98 100 102 0 0 
1944 559 535 560 104 100 105 4 
Means _ 99 100 103 
205 165 178 173 95 100 100 2 
218 238 247 252 96 100 102 1 
421 187 189 187 99 100 99 1 
422 165 167 167 99 100 100 1 
1372 190 196 196 97 100 100 2 
1943 496 522 514 95 100 98 3 
Means eee bes we OF | 100 1u0 


Nots.—The Numbers at the head of each Column are taken from the Complete Tabulation, in 
which Col. 31 is the mean of Col. 18 and Col. 20. 

Experiments in which the difference in the upcast between A and C 
exceeded 10 per cent. were rejected: the remaining ratios were then 
entered at each point of the compass on the following Diagrams, pp. 306 
and 307. 
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In order to obtain more reliable average differences and ratios from a 
larger number of experiments at each point of the compass, the results of 
the differences for the 3-in. and 6-in. pipes were combined in one table, 
and the ratios for the two sizes of pipes on another separate table. The 
system of this combination is indicated in the case of differences by the 
following example :— 


8.W. by | w.s.w. ~. by8. 
Number of Experiments averaged : as ee ee = ’ 
Total oo. ou ee | OD 4 
Algebraical sum of differences per cent. : ma ae a : =o = 
Total (Algebraical) ...|. —10. | —93 | —5 
Average of differences per cent., 3-in. & 6-in. combined ~ 14] 08 | —rs- 


The averages of the combined 3-in. and 6-in experiments, both in the 
case of differences and of ratios per cent., were then plotted on the 
following Diagrams, 308 and 309, in compass form. 

A similar method of combining the 3-in. and 6-in. experiments was 
adopted in the case of the ratios, as shown in the extract, given on 
p- 310, from the corresponding three-pipe Ratio Compass Table, in 
which Pipe B was taken throughout as 100. 
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3-inch Open Pipe Experiments; all three Pipes. 
' (Excluding Experiments in which the Upcast of A and C differs by 
more than 10 per cent.) 


Diagram showing Ratios of Upcast of Pipes A, B, and C, arranged according 
to direction of wind (see Note below as to subsidiary arrangements). 


The Upeast of Pipe B is taken as 100, and the figures written below and written above 
the 100 represent the Upcasts of Pipes A and C respectively, thus :— 


be 101 A Pipe. 


SuBSIDIARY ARRANGEMENTS.—The grdups of figures nearest the numerals in the 
circles inside the compass ring show Ratios of Experiments which have a minus percentage 
difference in Cols. 22-23 of complete tabulation, ze, those in which the Upcast in the 
centre pipe is less than the mean of the two outside pipes. 

The additional groups of figures nearest to the numerals in small circles outside the 
compass ring show Ratios of Experiments which have a plus percentage difference in 
Cols, 22-23 of complete tabulation, t.e., those in which the Upcast in the central pipe 
exceeds the mean of the outside pipes. 


Diagram 33. 
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6-inch Open Pipe Experiments. 


(See Heading to Diagram 33.) 


(See Note to Diagram 33.) 


Diagram 34. 
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3-inch and 6-inch Open Pipe Experiments. 


Differences. 


(See Heading, Diagram 31). 


(See Foot Note, Diagram 31, p. 302). 


: | Diagram 36. 
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3-inch and 6-inch Open Pipe Experiments. 


Ratios. 


(See Heading to Diagram 33.) 


(See Note to Diagram 33, p. 306.) 


Diagram 386. 
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‘ Pipe | Pipe | Pipe | Pipe | Pipe 
«(|e A c A 


c 


Number of Experiments averaged : 


Number of Minus Experiments ... 3in. 82 
6-in 9 2 
Total no aan 4l 3 19 
Number of Plus Experiments ... 3-in. “2. ae oa 
6-in. 1 
Total 2 oa 
Totals of Ratios: 
Minus Experiments (Totals) .. Sin. 305 | 302 | 1728 | 1756 
6-in. | 912} 987 197 
Total ... 00 ww = se | 4121 | 4244 | 305 | 302 | 1925 | 1964 
Plus Experiments (Totals) ... .» Sin. | 195] 201 
6-in 97) 101 
Total ... adi tes ee 195 | 201 97; 101 


Averages of Ratios, eins & 6-in. soabinedy. 


Minus Experiments es » | 101 103 

Plus Experiments wee 98 97 | 101 
otal number) (4)8) (8) (2}0) 

General Average Neer from Totals) + - Ga 

combined , -- | 100] 103] 102] 101} 101} 1083 


A separate investigation was next made into the cause of the positive 
percentage differences. For this purpose two special summaries of ex- 
periments with 3-in. pipes were prepared, showing the ratios of upcast in 
the three Pipes A, B, and C, taking B as 100. In one of these summaries 
experiments with both negative and positive percentage differences were 
included, and the ratios were arranged according to the direction of wind, 
and secondly according to the sign and magnitude of the percentage 
differences, somewhat similarly to the ratio table shown on page 304. 

In the other summary only experiments with the positive percentage 
differences were included, and these were arranged according to the 
magnitude of the percentage differences irrespective of the direction of 
wind. A synopsis of this table is given in following table. 
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‘ 


Centre Pipe B. side of Compass \ W. side of Compass, N.W. by 
differs from wy og N.W. through EB. to §.E. No. of W., through W. to 8.E. by 8. 
Mean of | Experi Batlos. Experi- Ratios. 
Outside a a 3 oe Reais 7 
Pipes . : 
+ per cent. ' A | =] : c | A | B | c 
: ; i 
+1 16 100 100 98 10 98 100 109 
+201 8 100 100 96 95 100 102 
+3 4 99 100 95 1 95 1u0 98 
i +4 7 101 100 91 } 
! +6 5 10 100 fat’) | 
| +7 3 98 100 | §9 
+8 2 98 100 87 


On carefully examining these results and comparing the ratios of the 
upcast velocity in the two outside open Pipes A and C for different points 
of the compass, there was no striking difference between the ratios in the 
case of experiments which give the positive percentage differences for the 
mean of A and C against B and those in the case of the negative per- 
centages; the consideration of the ratios of the upcast velocity in the two 
outside pipes accordingly threw no light on the cause of the positive 
percentages. The ratios of the two outside pipes did not however appear 
to follow any regular rule, and it was clear that the experiments dealt with 
in the investigation were for most points of the compass too few in num- 
ber for any reliable conclusion to be drawn from them. 

In order to throw additional light upon the relation of the upcast in 
the pipes, it was decided to make use of the experiments in which only 
two open pipes were used (the centre pipe having a Cowl or Terminal 
on it). 

In order to distinguish the two different kinds of open pipe experi- 
ments, the following nomenclature was adopted: The experiments upon 
three open pipes (no Cowl or Terminal on centre pipe) were termed 
“Special” Open Pipe experiments, as they were tried specially to obtain 
results for Open Pipes. The experiments upon two open pipes (where 
the centre pipe had a Cowl or Terminal on it) were termed “ Incidental ” 
Open Pipe experiments, as they only incidentally yielded results for Open 
Pipes, their primary object being to obtain results for Cowls and Terminals. 
The total number of “Special” and “ Incidental” Open Pipe experiments 
used in the preparation of the comparison of upcasts in the two outside 
pipes was nearly 4,000. 

To obtain the ratios of the upcast velocity in the two outside pipes 
from the Incidental ” Open Pipe experiments, a different standard had to 
be taken from that used in the three-pipe Ratio Compass Tables. 
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In the Ratio Compass Tables the upcast velocity in the centre pipe was 
taken as the standard, but this standard could not be adopted in the 
“Incidental” Open Pipe experiments, as the centre pipe was not a plain 
open pipe, but had a Cowl or Terminal on it. As what was required in the 
“Incidental” Open Pipe experiments was the ratio of the upcast velocity 
in one outside pipe to that in the other, Pipe A, which came first in 
other tabulations, was for convenience selected, and the upcast velocity in 
it taken as 100. 

The results of the early “ Incidental” experiments were entered in a 
table in which the ratios of upcast in Pipes A and C, taking A = 100, 
were arranged according to direction of wind. The upcast results were 
obtained from the Complete Tabulation (see p. 396) and the ratios cal- 
culated. Asa specimen of the construction of this table, the following 
single wind direction W. by S. has been selected :— 


| | Pipe 8-in. Internal Diameter. 


| ——_— 

Roman ex N Upecast Vi ty, Percenta 
pana ae er gape’ | feet per anne Ratio 

Tabulation. Experiment. aay Pa ns Pipe c 
Pipe A | Pipe c Pipe a 
12 98 143 143 100 
13 2002 207 196 95 
13 2003 262 249 95 
15 1998 275 | 2R2 95 
15 1999 220 208 95 
15 2001 201 «| = 192 96 
16 419 | 246 ( 240 98 
21 235 | 186 202 109 
21 236 214 234 109 
22 237 208 1 222 107 
22 238 201 220 109 
24 1176 215 222 103 
25 240 204 221 108 
43 1297 283 297 105 
14 Experiments ... 102 


These diagrams showed very remarkable results as regards the ratio of 
upcast velocity in the two outside pipes : 


(1) The early “ Incidental” Open Pipe experiments agreed substan- 
tially with the later ones. 
(2) The variations in the ratios were fairly regular. 


(3) The variations were greatest with directions of wind which 
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prima facie would not have been considered likely to give 
large variations in the relative upcast of the two outside 
pipes. 

As the results (1) and (2) showed that the ratios of upcast velocity in 
the two outside open pipes in the case of the ‘ Incidental” Open Pipe 
experiments were quite reliable, the Committee considered it desirable to 
ascertain whether the same variations would obtain in the “ Special ” open 
pipe experiments. The “Special” Open Pipes were therefore similarly 
treated (see Diagrams 37 and 38), and the whole of the results of the 
early and later “Special” and “Incidental” Open Pipe experiments were 
entered in the following “Summary Table of Ratios of Upcast in Two 
Outside Open Pipes, A being taken as 100” (see Tables XIX. to X XV). 
All the Special Experiments were then plotted on Diagram 39, and all 
the Incidental Experiments on Diagram 42, and then the complete results 
combined on Diagram 43. 
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IV.—Flow of Air through Open Tubes. 


Table XIX.—Ratios of Upcast in Two Outside 


Open Pipes. 


Calculated from Earty SpectaL Experiments (previous to March, 1894) on all 


Three Open Pipes. 


3-inch. 


NoTr.—The Totals of Ratios in Cols. 3 and 4 are obtained from the figures for the 
in. Pipes in “Open Pipes, Special Experiments, all three pipes, Early Experiments” 
by adding the totals of 3-in. Ratios for + and — Experiments (ignoring sign). 


The resulta in Cols. 5 and 6 are calculated from Cols. 3 and 4 by taking Col. 3 as 100. 


Wind 
Direction. 


Zz 
ae 
oe 
< wy 


2 
Peg? 
z 
pal 


n 
ba en FF 


Jez, sl|elsje| 1 jz[2l[sa]s[e 
is i Average verage 
| alton, tating |o,tAtlon,ot S| maton, aking |p, maionet | 
SB | Pipe Bas 100. | (See note wind 3 Pipe g as 100. (See nate 
St (See note above.) “shove.) Direction. $3 (See note above above. | 
2. |——_—_—_ | 
rs] a 
i | 
4 : ’ 
5 saw 
3 | 312/ 293/100| 94] S.W. byS.| 13 | 1835 | 1337 | 100 100 | 
12 | 1238 | 1214 | 100 | 98 S.W. | 50 | 5053 | 5167 | 100 | 102 
3 | 317| 301] 100] 95] S.W.bywW] 5 | 508 100 100 | 
9 | ¢ 875} 100| 97] W.S.v. | 25 | 2476 | 2564 | 100 | 104 
an A .. | W.by8.| 3 | 307] 297 | 100 
23 | 2305 | 2258 | 100] 98 Ww. 34 | 3404 | 3508 | 100 | 103 | 
8 | 830} 808; 100| 97) W.byN.| 3 | 305 | 302| 100 | 99 | 
6 | 606 | 590) 100) 97] W.N.W. | 17 | 1728 | 1756 | 100 | 102 | 
2 | 198; 207] 100 | 105] N.W.byW ei) bes, Meds 
3 | 312! 801! 100| 96 ww. |io | 1013 | 967] 100 | 98 
as w NW. by N 2 201 | 100 | 97 
3 | 300; 298} 100] 99] NN. 14 | 1430 | 1405 | 100 | 98 
us Si N. by W.| 2 | 204| 205 | 100 | 100 | 
{ 
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316 IV.—Flow of Air through Open Tubes. 


Table XX.—Ratio of Upcast in Two Outside 
Open Pipes. 


Calculated from Later Special Experiments (to 16th August, 1897 only), on 
all Three Open Pipes. 


3-inch. 


NoTE.—The figures in Cols. 2, 3, and 4 are taken from the red figures in “ Open Pipes, 
Special Experiments, all three Pipes, Later Experiments.” 


The results in Cols. 5 and 6 are calculated from Cols. 3 and 4 by taking Col. 3 as 100. 


1 Je}alays e | 1 | 2 s | 4i5js 
' Average Average 
Totals of Totals of 
3 Ratios, taking poaatee : 8 3 Ration talking ogres bince 
Wind Sg | Pipe o as 190. ie, Wind 33° Pipe B ax 100. |" (seo note 
Direction. £3 (See note above.) above.) Direction. s Fy (See noteabove. | ‘ghova) 
La] 
a A c | A c - | A | c A c 
N 1 7 723 | 708 | 100| 98 8. 1 106 106 | 100 | 100 
N. by E. | accel) tee S. by W ie 
Line oft Pipes. Line 0} Pipes. \ 
.NLE. 6 618 | 615 | 100 {| 100 S.S.W. sate | 
N.E. by N.j 10 | 1042 | 1095 | 100; 96] S.W.byS., 13 | 13Ul , 1339 100 | 103 
N.E. 12 | 1253 | 1196 | 100 | 95 S.W, 19 | 1888 1978: 100 105 
N.E.by E.; 5 521 | 496] 100| 95] S.W.by W. 19 , 1830 1941 | 100 108 
ENE. | 7 | 716] 683/100} 95] W.S.W. | 19 | 1873 | 1987 | 100 , 103 
E. by NN. 6 617 | 604] 10U|] 98 W. by S. | 28 | 2758 , 2821 100 102 
K. 14 | 1439 | 1392 | 100 | 97 18 | 1809 , 1845 ; 100! 102 
E.by S. | 13 | 1339 | 1326 | 100} 99] W. by N. | 10 998 985: 100 | 99 
E.S.E, 5 400) 501 | 100 | 100 W.N.W. | 18 | 1836 | 1297 ; 100' 97 
8.E. by E.; 4 898 | 404 | 100 | 102] N.W.by WV. 11 | 1129, 1102 100! 98 
S.E. 5 512 | 512 | 100 | 100 N. Il | 1182 1089, 100; 98 
S.E. by S.] 1 105 | 105 | 100 | 100] N.W. byN. 7 730 _ 698 | 100; 96 
S.S.F. 5 506 | 513 | 100} lUl NNW 7 23 «694; 100, 96 
8. by E. 2 208 | 2u9|10)/} 100] N.by W.; 8 
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IV.—Flow of Air through Open Tubes. 


Table XXI.—Ratios of Upcast in Two Outside 
Open Pipes, A being taken as 100. 


Caleulated from Born Earty anv Latrer Sprcrau Experiments 
(to 16th August, 1897, only). 


Nore.—The resulta in Col. 7 are calculated thus: Col. 7= 


3-inch. 


(Col. 2x Col. 3)4+(Col. 4 x Col. 5) 


Col. 2+Col. 4. 
| 1 2,314 sie 7 1 |2|s +| 5 lej7 
1 ( i pire eee aeuell “¢ i . 
; | All special, \ | All special. 
Early Later. (See note | Early. Later. | (See note 
: above.) ! above.) 
‘ ‘ : - *e 
a a ee ee eee 
ction, 1 8) Sele $s) S fa sé rection. «a s 5! S — e | ; 
wee (88) e4|'e) ge |Se| So EE) 28 (5e| S358) es. 
z2/ 20/28 20/%8| go Ze 80\28| 80/48! go 
n Li * “ q id 
1 7 wi io) io) w w | - a 
N. 17 98] 7' 93] 24] 98 Ss. 10 v| 1 10 u| a 
NINE. | 5! 96] 6/100; 11] 98] SSW. | 4] 97]... 2. 4: 97 
N.E. by N.| 3| 94/10) $6113) 96] S.W. by S.! 131100 13 103 26 | 102 
N.E. | 12{ 98)12! 93] 24| 97 S.W. | 50' 102 19 | 105 , 69 ; 103 
N.E. by E.| 3; 95| 5] 95| 8! 95] S.W.byW. 51 100 19) 103 | 24 | 102 
ENE. | 9| 97, 7) 95|16| 98] W.S.W. | 25, 104) 191 103 44 | 104 
E.byN. |... | ..' 6} 98/ 6, 98] W.byS.| 3/ 97] 28/102 | 31 | 102 
E. 23| 98114| 971387. 98 W. 34 | 103 | 18 | 102 , 52 | 103 
| E.byS. | 8] 97/13] 99; 21; 98] W.byN.] 3: 99110! 99 13 99 
ESE. | 6) 97! 5| 100/11 981 W.N.W. | 17! 102) 13, 97, 30, 100 
S.E. by E.| 2/105! 4] 102] 6/103] N.W.byW.)... ...! 11) 98°11) 98 
S.E. 3| 96| 5|100| 8| 99 NW. | 10: 98; 11! 96,21 97 
| SE.byS.}... | ..' 1} 100] 1/100] N.W.by NJ 2| 97; 7; 96. 9. 9G. 
\ 8.S.E. 3! 99 5&{|191) 8] 100 N.N.W. | 14, 98] 7 | 96); 21) 97 | 
| S.byE. |... | | 2/100} 2] 100] N.by W.| 2/100] 8] 98] 10] 98 
| 
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320 IV.—Flow of Air through Open Tubes. 


Table XXII.--Ratios of Upcast in Two Outside 
Open Pipes. 


Calculated from Earuy IncipENTAL Experiments (previous to March, 1894), 
on Two Outside Pipes only. 


3-inch. 


Note.—The figures ia Culs. 2, 3 and 4 are taken from the red figures in “Open Pipes, 
Incidental Experiments, Two Outside Pipes only. Early Experiments.” 


1 2 | 3 | 4 | 1 | 2 | 3 | 
average of Average of 
Wind No. of Ratius. Wina No. of Ratios. 
Direction. Expert: : Direction. porte | 
A 
N. 53 100 100 Ss. 11 100 96 
N. by E. a is Ses S. by W. es ee Alidess 
Line of Pipes. Line of Pipes. 
N.N.E. 4 100 97 .S.W. 6 100 99 
N.E. by N. 9 100 93 S.W. by S. 12 100 99 
N.E. 47 100 97 S.W. 68 100 104 
N.E. by E S.W. by W 9 100 103 
E.N.E. 45 109 97 W.S.W. 96 100 104 
E. by N 1 100 95 W. by § 14 100 102 
E. 70 100 93 W. 149 100 104 
E. by 8. 13 100 96 W. by N. 10 100 102 
.S.E. 10 100 100 W.N.W. 64 100 102 
S.E. by E at N.W. by W. 2 100 97 
8.E. 11 100 99 N.W. 33 100 98 
S.E. by S Ms N.W. by N. 3 100 | 100 
8.S.K. 6 100 99 N.N.W. 4t 100 97 
8. by E N. by W. 7 | 100 | 100 
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To Illustrate Table XXII, 


Diagram 40. 


322 IV.—Flow of Air through Open Tubes. 


Table XXIII.—Ratios of Upcast in Two Outside 
Open Pipes. 


Calculated from Later INcipENTAL Experiments (to 16th August, 1897, only) 
on Two Outside Pipes. 


3-inch. 


Norr.—The figures in Cols. 2, 3 and 4 are taken from the red figures in “Open Pipes, 
Incidental Experiments, Two Outside Pipes only. Later Experiments.” 


1 | 2 | 3 | 4 | 1 | 2 | 3 | 4 | 
\ | 
Wont ae of ae ae of 
Wind 0. 0! ios. Wind No. 0: Lis. 

Direction. apart -_ Direction. Expert = Ss 
A | c | A | c 

N. 1l 100 99 8. 7 100 99 
N. by FE. sa we ss 8. by W. be, e wy 
Line of Pipes. Line of Pipes. f 

N.N.E. 30 100 101 S.S.W. 27 100 101 
N.E. by N. 52 100 97 S.W. by S. 164 100 103 | 
N.E. 60 100 96 S.W. 201 100 106— 

N.E. by E 28 160 95 S.W. by W. 174 100 105 
E.N.E 47 100 95 W.S.W 166 100 104; 

E. by N 79 100 97 W. by 8 203 100 102 

EK 123 100 98 : 224 100 102 

E. by S 125 100 99 W. by N 158 100 100 
ES. 51 100 99 W.N.W 129 100 99 
8.E. by E 25 100 100 N.W. by W. 120 100 97 
21 100 101 N 118 100 7 | 
S.E. by S. 15 100 100 N.W. by N. 68 100 98 
8.S.E 20 100 101 N.N.W 55 100 7 | 

8. by E. 8 100 101 N by W. 26 100 98 
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Table XXIV.—Ratios of Upcast in Two Outside 
Open Pipes. A being taken as 100. 


Calculated from BoTH EaRty anp Later IncrpentaL Experiments 
to 16th August, 1897, only. 


38-inch. 

’ . Col. 4x Col. 5. 
Nore.—The results in Col. 7 are calculated thus: Col. 7=(Col-2: 2x Col i Axe 2 
1 z[a(+|sle|7| 1 Je|s [sj sje 7] 

| All all 
| Early. Later. oe, Early. Later. serps 
above.) above.) 

Wind ae ‘< = Wind ogee - : 
Direction ce en Ble. 3 ro Direction. ele Sie. s =. 
3§| S</ 38] S<¢/s8| 3< 38| 3<| 58] S<| 58] 3< 
Zk z8 si a8 3s - a ae st ge gt an 
° o|/@2) do go (3) 

he iP lola: E Bl 8°|"E 
nN. , 58 |100| 11' 99] 64! 100 S. | 96| 7| 99| 18) 97 
NNE | 4| 97| 30: 101| 34, 101 8.8.W. 6| 99 27] 101 | 33; 101 
N.E.byN.| 9 | 96| 52) 97] 61| 97] S.W.byS. | 12| 99 |164| 103 |176' 103 
N.E. | 47| 97] 60| 96/107) 96 S.W 68| 104 |201| 106 |269, 105 
NE. by 6. .. |. | 28; 95 | 28) 95/5.W by W 9| 103 |174| 105 |183, 105 
E.N.E. | 45| 97| 47; 95| 92) 96] WS 96 | 104 | 166} 104 |262; 104 
, EbyN. | 1] 96| 79, 97] 80| 97] W.byS. | 14] 102 | 203] 102 |217! 102 
E. 70 | 98/123; 98 |193) 97 ._ {149| 104 | 224] 102 }373] 108 
E. byS. 113] 96 125; 99/138) 99] W.byN. | 10] 102 | 158) 100 |168; 100 
E.S.E. | 10} 100} 51; 99| 61) 90] W.N.W. | 64| 102 |129| 99/193: 100 
S.E. by E.)...| ...| 25 100 | 25) 100] N.W.byW.| 2] 97 |120| 97 |122) 97 
SE 11 | 99] 21° 101 | 82| 100 N.W. 33} 981118] 97 |151| 97 
| §.E. byS 15, 100 | 16] 100] N.W. by N.} 3] 100 | 68] 96| 71, 96 
S8.b 6| 99| 20 101] 26] 101} N.N.W. | 44] 97] 55| 97] 99} 97 
i S.by B |. 8,101] 8] 101] N.by W 7| 100 | 26) 98| 383] 98 

i} 


' 
| 
| 
i 
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326 IV.—Flow of Atr through Open Tubes. 


Table XXV.—-Ratios of Upcast in Two Outside 
Open Pipes. A being taken as 100. 


General Summary of Born Spectau anp IncipentaL Experiments 
(to 16th August, 1897, only). 


3-inch. 
? ; __ (Col. 2x Col. 3)+(Col. 4x Col. 5). 
NoTe.—The results in Col. 7 are calculated thus: Col. 7= Col. 24Col. 4. 
1 jz) 3 |4is ej7[ 1 j2,8 4:5 67 
All special 8 1 
Al all and ineidental All an ‘and octal 
special. | incidental. | “ondined. "special. | incidental,  gmbine’ 
above.) above.) 
Wind ————. | ——--,-————_] _Wind - . -——- —__—__. —__ 
Direotion. | 3 | _ £\..| 4] <,| Duet ogi. eo eh 
=i) 32] 28) e¢| 32) 32 tel as| a 3s) 38 3% 
oz | $216 33 | stz| 38 (6b Be 64 B32 st 38 
28) do| 28] do| 28) do 7R| gO) 28 do 22) do 
a i 1 & Fs] ' te] H rs) | 
i ON, 24 | 98} 64; 100); 88 | 99 5 | 11; 97 | 18) 97; 29 97 
_N.N.E. | 11 | 98; 34; 101; 45:100] SSW. | 4] 97 | 33] 101] 37 ' 101 
iN.E.byN.! 13 | 96) 61] 97 | 74) 97 Bare S.| 26 | 102 | 176 | 103 | 202 | 103 
N.E. 24) 971 107] 96] 131 96 S.W. 69 | 108 | 269 | 105 | 388 105 
N.E.byE. 8 | 95| 28) 95] 36] 95 [S.W.by W.| 24 | 102 | 183 105 | 207 105 | 
E.N.E. | 16 | 96| 92] 96] 108| 96] W.S.W. | 44 | 104 | 262 | 104 | 306 | 104 | 
E.byN.| 6] 98; 80] 97| 86) 97] W. byS. | 81 | 102 | 217 | 102 | 248 \ 102 
| E. 37 | 98 | 193 | 97 | 230] 97 é 52 | 103 | 373 | 103 | 425 103 
j E. by S. | 21 | 98; 1388; 99] 159] 99] W.by N.| 13 | 99 168 | 100 | 181 100 
| ESE. | 11} 98] 61 99; 72] 99 WW. 30 | 100 | 193 } 100 | 223 100 
S.E.by E.! 6 | 103! 25 | 100] 31 | 101 JN.W.byW.| 11 98} 122, 97 138 | 97 
S.E. | 8 | 99] 32] 100! 40 100 NW. 21 97 | 151 97} 172 9 
S.E.byS. 1 [| 100! 15] 100} 16] 100[N.W.byN) 9] 96! 71 | 96! 80] 96 
| 8.S.E. 8 {100} 26] 101! 34) 101] N.N.W. | 21 97 | 99| 97] 120] 97 
S.by E. |; 2 | 100 8 | 101 10 | 101] N.by W.| 10} 98] 33] 98] 48) 98 
{ ( 
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328 IV.—Flow of Air through Open Tubes. 


Finally, as the result of the above comprehensive work, the Committee 
decided that a fair standard with which to compare the upcast velocity in 
the cowl or terminal tested could be obtained from the mean of the upcast 
velocities in the two outer pipes if a small percentage correction were 
applied to this mean. This correction was generally minus two per cent.. 
but for W. by S., W.S.W., and S.W. by W. winds, minus one per cent. 
was adopted, and in the case of E.N.E., E. by N., and E. winds, no 
correction was applied; there were also a few exceptional days when 
special wind corrections had to be decided upon. 


Experiments on varying the height of tubes. 


The next question investigated by the Committee was the effect pro- 
duced upon the upcast in the tubes by altering the height of the tubes, 
Experiments of this description were made at the Verification House close 
to the Observatory. 

A ground plan and two cross sections of this Verification House are 
shown on diagrams 44 and 45. It should be observed that the longer 
axis was from E.N.E. to W.S.W. 


Verification House, Kew Observatory. 


Diagram 44. 
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Diagram 46. 
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330 IV.—Flow of Air through Open Tubes. 

t 

i] 

: Experiments on Open Pipes of the same Height at the 
: Verification House, Kew Observatory, 1878. 

-4 

ve I 


Upcast Ratio. 
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Experiments on Open Pipes of different Heights at the 
Verification House, Kew Observatory, 1881. 


Bit aaah 
So SH 
et 


St pernststceatas? 
f qe HEE i zt i ESHEETS 


i 
Bh dual tees FRUAEET LE 
5. SSW. SW. WS.W. W. W.NLW. S. S.S.W. SW. WS.W. W. WNW. S. SSW. SW. WS.W. OW W.NW. 


AWAY 


Diagram 47. 


Through the roof of the building four iron tubes 6 ins. in diameter and 
12 ft. long were fixed so as to project about 2 ft., leaving about 10 ft. 
within the building. The lower ends were fixed to a wooden bench. 
rad 3-in. air meters supported on a suitable table were placed, for the 
“IN. experiments, under the lower ends of the tubes, and converging 
pieces of zinc were made to reduce the 6-in. iron tubes to the 3-in. air 
meters, the diameter of the inside ring of which was 2°7 inches. The air 
meters were controlled by two operators by means of wires so as to start 
and stop the instruments simultaneously. The duration of each experi- 
ea Was ascertained by a chronometer, and the temperature inside and 
outside the building taken. At the Eastern end of the Verification House 
@ Robinson Cup Anemometer, 4-ft. diameter from centre to centre of 
“ups, was set up to record the velocity of the wind. 
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332 IV.—Flow of Air through Open Tubes. 


At the Verification House experiments on heightening of the pipes 
were made in 1881 with 6:1l-in. air meters. These tests were averaged 
in blocks of three experiments or more, and the ratios of pipes Nos. 2 
and 3 calculated, pipe No. 1 being taken as the standard = 100. The 
results were sorted according to the direction of the wind and plotted on 
Diagrams 46 and 47 :— 


The measurements show considerable differences between individual experiments. 
The following Table indicates the extent of the variations. In the early Incidental 
Experiments the following differences were shown in the ratios of Pipe C (see Auxiliary 
Paper, No. 45) :-— 


Max. Min. Max. Min. Max. Min. 
Noo we we 108 OSB. 10295] WibyS. 109 95 
NobyE. .. .. 1 92/S88E.. 0. 4. 10 97/W. wu. 10 94 
NINE .. .. 99 95/5... we 100 04] WebyN. uw. 108 96 
NE.byN. ... 108 93/S.byW... ... 123° 81|W.NW. ... .. 108 98 
NE... .. .. 107 91/S8.W. .. .. 10 93] NWibyW. 1. 97 97 
ENE. .. .. 10 91/SW.byS  ... 10 92| NW... 108 98 
BE... we we 105 O11 SW. «10 91] N.WebyN. 10396 
E.byS. .. .. 10L 91! 8.W.byW. ... 109 99|/ NNW... 2. 109 92 
ESE. .. .. 108 9,)WSW. .. .. 110 93|N.byW... 2. 107 94 


The later Incidental Experiments showed the following differences see (Auxiliary 
Paper, No. 46) :— 


Max. Min. Max. Min. ! Max. Min. 
N. wae ae (104 94) SE.byE.... ... 105 93 WS.W. ... ... 110 93 
N.by BE. ... ... 118 92/S.E. .. 1... 104 96 | W.byS. ... ... 109 95 
N.N.E.  ... «= 108 96 | SE. byS.... ... 104 97; W. .. .. ... 110 94 
N.E. by N. «. 103 92 | S.S.E. wee eee §=108 97| W.by N. ... ... 108 96 
N.E. ... .. «.. 100 91) S.by BE. ... ... 103 99; W.N.W. ... ... 108 93 
N.E. by E. -» 100 91) S. wie tty ee 105 95| N.W.by W. ... 97 97 
E.N.E. ... ... 98 91) S.by W. ... ... 123 81) N.W.... ... 2. 104 93 
E.by N. ... ... 101 92 | S.S.W, we ee 110 93| N.W.by NN. ... 103 96 
E.... 1. wee 6106 92 | S.W. by S. «. 105 92|N.N.W.  ... ... 109 92 
E,byS. .. ... 106 92)S.W... .. .. 110 91| N.by W.... ... 107 04 
E.S.E. vee ace 104 92|S.W.by W.... 102 99 


Other experiments with a similar object were subsequently made at the 
Hut in the Old Deer Park. 


A description of the construction of the Hut and of the apparatus used 
is given on page 259. The experiments made there to ascertain the effect 
of heightening the pipes were of two types. 
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The first type consisted of open pipe experiments with a flat roof, in 
which the orifice of the pipe was 1 ft., 2 ft. 4 ft. 4 ft. 7in., 6 ft, and 
10 ft. 9 in. respectively above the level of the platform representing the 
flat roof. Preliminary trials were made on short open pipes 4 ft. 7 in. 
above platform, with all three openings at the same level. To institute a 
comparison of their results with those of the long open pipes 8 ft. 3 in. 
above platform, the difference per cent. between the upcast of the centre 
pipe and the mean of the upcasts of the outer pipes was calculated. In 
this comparison the short open pipes were treated in the same way as the 
early experiments on long open pipes, i.e. the only experiments regularly 
excluded were those in which the outer pipes differed by 10 per cent.; in the 
later open pipe experiments, those with light winds (below nine revolutions 
per minute of the cups of the anemometer) were also excluded. The great 
irregularity of the early experiments on short open pipes (so far as 
difference per cent. between centre pipe and mean of outer pipes is 
concerned) will be seen by the following comparison with the results of 
the early experiments on long open pipes :— 


Se ae ee ee ae ora Sat et ee ee es oe ee 
Short Open Pipes. Long Open Pipes. 


No. of | Percent, | No. of 


Per cent. 
Experi- | of Total | Experi- | of Total 
ments. | Number, | ments. | Number. 
All Experiments except those in line of pipes «| 33 286 
Experiments in which the difference 
a Upeast in Centre Pipe from} +4%orless | 19 58 269 94 
at in Mean of Outer Pipes is) —~ 
m ” ” we 5% 3 9 ll 4 
" ” 7 «. 6% or7% 3 9 6 2 
a ” * .. 8% ormore 8 24 tt) Oo | 


The preliminary trials were then tabulated in a similar form to that in 
which the regular experiments had been, and the ratios of upcast in the 
two outside open pipes calculated, taking Pipe A = 100. 

rom a general examination of the above results, the ratios appeared 
to be different in short pipes from what they were in long pipes. 

The experiments on the effect of lengthening 6-in. pipes at the 
Verification House in 1881 showed that in the case of short pipes the 
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pipe against which the wind first struck had a greater upcast than the 
other pipes, but with long pipes the reverse was the case. 

The preliminary trials on short 3-in. open pipes at the Hut in 1884 
compared with the early long open pipes showed the same thing, only in a 
less degree. 

Experiments were also carried out at the Hut with the outside pipes 
lengthened to 10 ft. 9 in. above platform. The results were tabulated and 
averaged, and were found to practically agree with the results obtained 
from experiments in which open pipes of the usual length, 8 ft. 3 in. to 
8 ft. 7 in. above platform, had been tried. 

The results of experiments in which the orifice of the centre pipe was 
. 1 ft., 2 ft., or 4 ft., and outside pipes 8 ft. 7 in. above platform, are shown 
in Table XXVL on page 338. 

The second type of experiments upon the effect of lengthening pipes 
consisted of experiments with a sloping roof, the object being to ascertain 
; how open pipes acted when placed close to the ridge of a sloping roof as 
i: compared with the same pipes extended so as to show a long vertical 
‘6 shaft. Similar experiments were made at the same time upon a few 
: terminals and one form of cowl, and the results of these experiments are 
| included on p. 444 with those of the open pipe experiments. 

{ Some initial tests were made by fixing on the platform a sloping screen 
on each side of the centre pipe at an angle of 52 degrees from the 
horizontal. This screen consisted of a wooden frame 6 ft. long, set with 
ends equidistant from the centre pipe and covered with American cloth. 
The outside pipes remained at their usual height, 8 ft. 3 in. to 8 ft. 7 in. 
| above platform, but the centre pipe was fixed 4 ft. 7 in. above the platform, 
} or 2 ft. above the ridge which surmounted the original platform. The cowl 
‘i and terminals selected for trial were of two kinds, the one having an open 
it base and the other a closed base. Those with a closed base were an 
ro ordinary open pipe, a well known form of cowl, and an open pipe with 
il enlarged end so as to form a solid cylinder with a pipe through the centre 
ne and a conical bottom. The form with open base consisted of a single 
louvre, with inverted rain-gauge cap superposed (see Diagram 81, p. 421, 
fig. BZ). 

The results showed that the upcast was considerably affected by the 
angle at which the wind struck the screen. The plain open pipe which, 
when placed on a long vertical shaft gave an efficiency of 1-00, was 
reduced to ‘80; the cowl with a normal efficiency of -99, was reduced to 
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Diagrams 48 and 49. 


336 IV.—Flow of Air through Open Tubes. 


76; and the terminal with open base, which gave an efficiency of 1-30 on 
a shaft, was reduced to ‘98. From a close observation of the dial readings 
by the operator simultaneously with an observation of the variation in the 
direction of the wind, considerable difference in the efficiency was noted 
according to the angle at which the wind struck the sloping roof. 

For the regular experiments, two larger sloping roofs constructed of 
matchboard 7 ft. 9 in. in length were substituted for the screen above 
described. As the edge of each sloping roof projected beyond the outline 
of the stage, wooden supports were bolted to the platform to receive the 
roof in use. The outside pipes were raised 2 ft. 6 in. higher than when 
working without roof for two reasons, firstly to insure the upcast in the 
pipes being uninfluenced by the roof, and secondly to admit an unobstructed 
length of pipe equivalent to the length when working without roof. The 
details of these constructions will be seen from Diagram 48, p. 335. 

Experiments were tried with the centre open pipe 1 ft., 2 ft., 4 ft., 
and 6 ft. above the ridge of roof at 30 degrees in winds varying from 
N.W. by N. to S.W. by S. only, These experiments were averaged, and 
their results entered in a table. The average ratios between the centre 
pipe and the mean of the outside pipes varied from 92 per cent. when the 
wind blew at right angles to the ridge to 110 per cent. when wind blew at 
an angle of 45 degrees to the ridge. The experiments indicated that when 
the centre pipe was raised the variation in the ratios became less, as 
shown in the appended Table XXVL.,, p. 338. 

The two roofs, te. at angles of 30 degrees and 52 degrees were then 
compared to ascertain which angle affected the efficiency of the open pipe 
more, when it was observed that the latter produced the greater change 
with winds about at right angles to the ridge of the roof. The roof 
at a slope of 52 degrees from the horizontal was therefore selected as the 
one upon which to carry out the tests upon cowls and terminals. 

As open pipe tests were required both to correct the sloping roof 
experiments on cowls and terminals for the particular angle corresponding 
with individual wind directions, and also to form a standard with which to 
compare the upcast in the cowl or terminal, experiments with plain open 
pipes one foot above ridge of roof were usually made on each day prior to 
proceeding with the regular work. These open pipe tests were collected, 
calculations made of the ratios of centre pipe to mean of outside pipes, and 
the results entered according to direction of wind and averaged in a table 
in the following form :— 
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N.N.W. N. by W. N. 


Nomber, | Bato, | yycee, | Ratio. | yusner | Rati. 
7405 96 7542 87 7864 78 
8088 1:02 7543 90 78615 82 
8036 8085 96 7869 85 

8010 17 

$013 83 

8014 80 

3) 295 3) 273 6) 485 
98 | 91 81 


The results were then plotted on diagram 50 (p. 339). 


Experiments upon plain open pipes at heights other than one foot 
above the ridge of the roof are dealt with in the next Part of .this 
report. 
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Old Deer Park. 
Open Pipes—1 foot above Ridge of Sloping Roof, angle 62°. 


(See also Diagram 81, p. 421.) 
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PART V.—EXPERIMENTAL RESULTS 
FOR TERMINALS AND COWLS. 


Introductory Note on the Experiments on the “Efficiency” of 
Cowls and Terminals. 


It was the intention of the Committee to assign a number, or a series of 
numbers as might be found necessary, to indicate the efficiency of the Cowl 
or Terminal under consideration. The numbers were to indicate the effect 
of the terminal or cowl upon the flow up a 3-in. pipe. The efficiency was 
to be indicated by the factor by which the computed rate of flow up the 
plain open 3-in. pipe must be multiplied in order to give the flow which 
had been observed to take place up the pipe when surmounted by the Cowl 
or terminal under identical conditions. In considering the application of 
this method, it will be well to consider briefly the conditions governing 
the flow of air up a pipe under circumstances similar to those prevailing at 
the Hut, and it will be seen that the effect of a Cowl or Terminal cannot 
usually be regarded as being completely dealt with by a single factor, or 
series of factors, representing efficiency even for a single set of conditions 
as to the direction and force of the wind under which the flow takes place. 

We may premise that the flow of air along any particular pipe depends 
upon two conditions, namely, (1) the head or aéromotive force, and (2) the 
resistance which the air will meet with in its flow. The effective mag- 
nitude of either of these elements is the resultant effect of a number of 
separate causes. Each of them can be expressed numerically, but the 
numerical expression is a very complicated one and not easily evaluated in 
any particular case. If the aéromotive force and resistance be both suit- 
ably expressed numerically, the flow may be taken as the square root of 
the ratio of the aéromotive force to the resistance. It will thus be seen 
that the flow in any particular case will increase if the aéromotive force is 
increased, and be diminished if the resistance is increased, and vice versé. 
In computing the magnitude of each one of these elements the whole 
course of the air from the outside of the Hut to the outside again at the 
top of the pipe must be taken into account. If we consider the special 
circumstances of these experiments, it will be seen that the production of 
the aéromotive force which causes the flow along the pipe is an extremely 
complicated phenomenon. We have first to take account of the effect of 
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the wind blowing across the mouth of the pipe, cowl or terminal. This 
depends upon the rapidity and completeness with which the air flowing up 
the pipe is removed from the opening. The rapid removal of the air causes 
a diminution of pressure at the opening of the pipe, and in consequence 
a flow. The diminution of pressure is liable to alteration, by altera- 
tion of the size or shape of the orifice, or by anything else which affects the 
eddies caused by the wind passing over the pipe. A further circumstance 
to be considered is the air pressure inside the Hut. The wind impinging 
upon the face of the Hut finds its way into the interior through the 
numerous crevices between the boards, and if there were no pipe it would 
have to find its way out again through the crevices in the other sides. It 
depends upon the relative distribution of these crevices whether there is 
on this account alone a lower or a higher pressure in the interior of the 
Hut than that in the uninterrupted wind near the mouth of the pipe; in 
other words, it depends on this distribution of crevices whether the air 
driven into the Hut on the windward side will use the pipes as an outlet, 
and so flow upwards, or the pipes will help to supply by means of a down- 
draught the air demanded by the reduced pressure on the lee side of thie 
Hut. 

A third element in the calculation of the aéromotive force is the 
temperature of the air in the vertical pipes. If there is any difference, 
no matter how small, between the temperature of the air in the pipes and 
that of the external air, the aéromotive force is affected ; increased if the 
air in the pipes is at a higher temperature, decreased if it is lower than 
the external air. 

The complexity of the conditions upon which the effective aéromotive 
force depends has sometimes been the cause of misunderstandings with 
Tespect to the action of cowls. Thus in the first report of the Cowl 
Committee the flow observed was assumed to represent the action of the 
Cowls ; in a letter of protest from Mr. Baldwin Latham to the Secretary 
of the Sanitary Institute, dated 6th of June, 1878, the conditions under 
which the Cowls were tested were referred to as being such that the Cowls 
only acted as obstructions to ventilating tubes. The real state of things 
is that the action was a complex one, depending upon both the Cowl and 
the temperature, and it depends upon the details of the arrangements as 
indicated herein whether the effect of the cowl, or the effect of the 
ventilating tube, constitutes the predominant feature of any particular 
experiment, 

Some idea of the effect of temperature differences upon the experi- 
ments under consideration should be gathered from a tabular statement 
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in which the readings of upcast are given, as well as the corresponding 
temperatures read on thermometers introduced into the pipes. But the 
table does not give much information, for in the first place the thermo- 
meters in use were not altogether trustworthy, and secondly, their presence 
in the pipes necessarily interfered somewhat with the flow. It includes 
nineteen experiments corresponding to various wind directions, and from 
the averages of pipes A and B it would appear that the effect of a difference 
of temperature of one degree in the air of the pipes might cause a 10 per 
cent. difference in the readings, but it would not be safe to rely upon this 
result, for in the same table nearly the same difference is shown between 
pipes B and C without any observed difference of temperature. 

Again in considering the other element which affects the flow, the 
resistance, every part of the circuit must once more be taken into account. 
The resistance in the cases under consideration is made up of many parts ; 
the aéromotive force, however produced, has to carry the air through the 
crevices of the Hut, through the silk gauze screens covering the bottoms 
of the boxes at the foot of the pipes, past the air meters, along the 23 feet 
length of pipe and through the Cowl or Terminal at its head. All these 
parts of the circuit cause resistance and the effective resistance of the 
whole depends upon the combined effects of the several parts. A Cowl 
placed upon the upper opening of the pipe may modify both the aéromotive 
force and the resistance: the transition from an exhaust Cowl to an 
injector may be made by successive steps, yet it is evident that in the 
injector the direction of the aéromotive force is reversed from that of the 
exhaust cowl, and is of sufficient magnitude to overcome any other 
atromotive forces affecting the flow in the special case. I1f with a 
particular form of cowl the direction of the aéromotive force is reversed 
it is usual to call the reversed flow “downdraught,” but it is evident that 
if the pipe is provided with a bend which makes its orifice vertical and 
delivers its air horizontally, then there will be a gradual transition from 
maximum suction to maximum injection as the head is gradually revolved 
with regard to the wind. Again, a cowl which restricts the passage of 
the air along the pipe adds to the resistance, while at the same time the 
atromotive force may not be affected. It may be possible to arrange a 
circulation so that the addition of an apparatus like a cowl may affect 
only one of the elements, aéromotive force or resistance. If the cowl were 
mounted upon the top of a pipe which already offers very great resistance 
to the flow of air, the additional resistance of the cowl itself might be 
quite inappreciable; for example, when a cowl is mounted on the extremity 
of along and tortuous drainage system, the resistance to flow of air already 
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existing will be very large and the cow] will not sensibly add to it, so that 
any effect which the cowl produces will be attributable to the modification 
of the aéromotive force which would otherwise have been produced; and 
on the other hand the same cowl placed upon a plain pipe of ample 
dimensions through which air is being driven by wind may not sensibly 
affect the aéromotive force, but may add very substantially to the resist- 
ance and so affect the flow. 

The effect of varying the resistance to the flow of air without varying 
any other elements may be seen by considering the results of experiments 
upon the use of Air Meters in the inverted position. These have already 
been described in Part II. of the Report (p. 265), and a tabular state- 
ment given showing the maximum, minimum, and mean ratios derived 
from 180 experiments. The differences between the measurements for 
experiments, which differ only in the direction of the flow of air through 
the meter, are as large as 22 per cent. in one series, and not less than 12 
per cent. in any. They may be attributed to the fact that the Air Meter 
has a higher resistance for flow in the one direction than in the other. 
The increased resistance may be due merely to the shape of the meter, or 
it may require more power to drive it in the one way round than in the 
opposite. It is understood that Mr. Rogers Field attributed the difference 
to the greater friction of the spindle in the reversed position, or to the 
different effect of the boss of the meter in the two positions upon the flow 
of air. 

It is clear from these considerations that the efficiency of a Cowl ought 
to be estimated with regard to the circumstances under which it is to be 
used. If it is to draw air from what practically amounts to a very nearly 
closed space, its resistance to flow may be disregarded, and its efficiency 
estimated according to its capacity for producing aéromotive force, but in 
most cases of ventilation its effect upon the resistance must also be taken 
into account, and in specifying the efficiencies both effects ought to be 
represented. Now in the experiments of the committee the circumstances 
were peculiarly complicated. If we trace the air along its course, from 
outside to outside of the shed through these pipes, we have clearly three 

parallel circuits with some common elements; thus all three circuits share 
the crevices of the hut, they share also the aéromotive force due to any 
Compression or rarefaction of the air in the interior of the hut, but each 
Pipe has its own aéromotive forces dependent upon temperature and on the 
air passing over the upper opening, and the effect of any particular wind 
upon the flow will depend upon the way in which, under the circumstances, 
the three Pipes distribute the flow between them, and will be dependent 
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upon the aéromotive forces and the resistances of all three circuits. The 
numbers so obtained for ratios of flow will accordingly not give anything 
which can be regarded as a “constant” for the Cowl, or which will serve 
to identify the effect which the Cowl would produce in the way of altera- 
tion of aéromotive force, or alteration of resistance in circumstances 
slightly different. The numerical result is, in fact, due to the special 
combination of circumstances, and could not be reproduced unless the 
circumstances were themselves approximately reproduced. 

The laws of flow of electricity are now so generally understood that I 

may be pardoned for illustrating the uncertainty of the experiments, from 
the point of view of the determination of a constant of efficiency for a 
cowl by the electrical analogy. We may regard the three pipes as three 
battery circuits. Each has its own electromotive force e, eg e, and 
its own resistance 7, 7, 7,; the three circuits have, however, a common 
part, R, representing the crevices of the Hut. We shall, therefore 
represent the state of things diagrammatically, thus :— 
As the flow in each circuit is 
to be separately measured the 
electrical analogy must provide 
a galvanometer for each of the 
three circuits, G,, Ga, G3. 
The addition of a cowl on one 
of the tubes will correspond to 
the insertion of an additional 
battery cell in the middle cir- 
cuit G,, with its appropriate 
electromotive force ¢ and resistance r. Electrical students will at once 
realise that the alteration in the flow through the galvanometer Go, con- 
sequent upon an insertion of e, will produce alterations in the flow through 
G, Gj, and consequently that the constants of the added battery can only 
be determined if the electromotive forces e; e, ¢, and the resistances 
11) Tg, 75 and r be already known. 

But although the numbers obtained for the ratio of the flow along the 
pipe carrying the cow] to the flow without the cowl give us nothing that 
can be regarded as a constant for the cowls, and consequently the use of 
the term “ efficiency ” to denote the ratios obtained is inappropriate, the 
experiments in themselves give a great deal of information of great value, 
and the measurements are accordingly reproduced here with the notation 
adopted by the committee. 

The committee drew a distinction between a Cowl and a Terminal 
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which has already been referred to in Part IV., p. 298. The greater num- 
ber of the Terminals are of such a shape that they do not appreciably add to 
the resistance of the circuit, and their effects must be attributed to the 
change produced in the aéromotive power of the central pipe. The results 
speak for themselves. They show that it is possible by modifying the 
terminals to increase the ratio by as much as 50 per cent. W.N.S.] 


——e 


The experiments for the investigation of the effect of different 
Terminals and Cowls were made at the Hut in the Old Deer Park. It 
has already been described, and particulars of the arrangements for. 
mounting the Cowls and Terminals (p. 259), for measuring the flow in the: 
three pipes (p. 297), and for reducing the readings of the outside pipes to~ 
the equivalent of the centre pipe (Part IV.) have been given already, and: 
it is unnecessary to repeat them, but the following notes of casualties 
during the course of the experiments should be mentioned. 

1, On April 2nd, 1895, some necessary repairs were carried out, and! 
on the 5th April, Mr. Rymer Jones, who then had charge of the experi - 
ments, found that the North-east end of the Hut had subsided to such an 
extent that the tops of the pipes were from three to four inches out of the 
vertical. This was remedied by moving the meter boxes a corresponding 
amount towards the North-east. 

2. Between May 11th and May 19th, 1897, it is noted that the weather 
boards, door and windows of the Hut, which had been gradually getting: 
into a state of disrepair, were renewed, so that from this time the fitting, 
of the woodwork was somewhat closer than immediately before that time.. 

3. On February Ist, 1898, the South pipe showed externally signs of 
the joint being defective, and it was accordingly tested with smoke to 
ascertain whether there was any leakage. The pipe, however, proved to 
be sound. 

4. On January 2nd, 1899, the centre pipe was found to have parted 
at the seam just above the roof of the Hut. It was made smoke-tight by 
the use of red-lead and gold-size. The two outside pipes were tested at 
the same time and found to be sound. 

The experiments extended over the period from 1884 to 1900. 

The results of the experiments upon Cowls and Terminals are contained 
in nearly 200 sheets of the Complete Tabulation, including over 1,300 

sketches. The plan adopted was to mount the Cowl or Terminal upon the 
middle one of the three 3-in. pipes erected at the Hut, to take the mean 
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of the readings of the air meters in the two outside pipes, with corrections 
as described in Part IV., as indicating what would have been the rate of 
flow up the middle pipe if there had been no Cowl or Terminal on the top 
of it, and to compare the actual reading for the centre pipe with the mean 
so obtained. The direction of the wind and an anemometer reading were 
taken for each experiment. The recorded direction was made use of to 
compute the appropriate correction for reducing the mean of the outside 
pipes to the equivalent of the centre pipe, using the “compasses” compiled 
for that purpose and reproduced in pp. 302-327. 

The times occupied by the several experiments were very various: in 
the early experiments they lasted over 10 or 20 minutes, but in the bulk 
of the later tests they were for five minutes, except that a number of 
experiments of two minutes each were occasionally taken on the same day 
in order to complete a series in the one day. The results of these special 
series of experiments, which are known as Hill curves, are represented in 
diagrams 37-43, p. 315. 

The records of the experiments were carefully examined and abstracted 
in order that any obvious abnormalities might be dealt with before the 
results were allowed to stand in the Complete Tabulation. In a memo- 
randum prepared in 1895, when about 2,000 experiments had been made, 
it is shown that upon exAmination experiments were rejected for various 
causes as follows :— 


65 because the observer considered them unsatisfactory. 
1 because on examination there was a doubt about the details. 

17 because there was something wrong with the apparatus, or it 
was uncertain which Air Meter was used. 

51 because the experiment corresponded with an anemometer 
reading below 9 revolutions of cups per minute. 

153 because the upcast velocities in the outside pipes showed a 

difference of 10 per cent. 


In the later stage of the investigation experiments were rejected for 
similar reasons before they were transferred to the sheets of the Complete 
Tabulation, but the percentage of experiments rejected in the later work 
was very small. 

In explanation of the system of averaging efficiencies upon the Com- 
plete Tabulation, it may be noted that in cases where the construction of 
the Cowl or Terminal is such that it gives, or may give, different efficien- 
cies, according to the different positions of the cowl or terminal as regards 
the wind, a separate average is as a rule given of the efficiencies for each 
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position of the Cowl or Terminal. These separate averages are entered, 
and their general average given in the following way :— 

‘97 is the average of experiments with) 

shutter of Cowl to wind. ) ) n 

1-06 is the average of experiments with) = [= 

opening of Cowl to wind. iS 


97 


cm 


a“ 


1-02 is the averave of ‘97 and 1°06, and is thus the general average 
efficiency of the cowl. It may be noted that in the arithmetical processes 
the last figure retained has been raised by unity whenever the fraction 
omitted was °5 or more. 

The reproduction of all the separate experimental results which have 
been finally approved and are included in the Complete Tabulation, would 
occupy a very large space, and in order to present to the reader a summary 
which will enable him to form an opinion of the performance of a Terminal 
or Cowl, the plan adopted in the following Table (XXVIL.), p. 349, is 
to give the mean of the ratios obtained, as well as the maximum and the 
minimum, and the number of experiments from which the average has 
been obtained. 


TABULAR REPRODUCTION OF RESULTS. 
Gencral Notes. 


Square Types.—Terminals with square heads were set up both with the flat 
side to the wind and with the angle formed by the sides to the wind, but owing 
to the constant slight variation of the wind direction the results can only be con- 
sidered as approximate. The same remark applies to other Terminals (such as 
those shown at sketches No. 40, 45, 54, 57) set up in more than one position for 
testing ; also to Terminals with feather attachments, as shown at Sketches Nos. 
127, 132, 149, &., and to Cowls placed with opening or shutter to the wind. 


Wind Direction. —The entries of wind direction have been made proceeding 
as the sun travels, viz., from N.N.E. through S. and W. to N., but this does noi 
necessarily imply that experiments were tried in all directions of wind between 
the limits entered. In one instance (sheet LXVI. of Complete Tabulation at 
experiments 5041, &c.), the entry N.N.E. to N. might be read as wind from 
all quarters, whereas the Terminal was only tried in winds from N.N.W. to 
NE. by E. 

Downdraught.—In entering the data in downdraught columns the precise 
measurements shown on the sketch have not always been adhered to, but can be 
obtained by referring to the details on the Complete Tabulation. This method was 
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adopted for brevity, as in this class of test the primary consideration was to 
ascertain whether a particular type of Terminal was or was not subject to 
downdraught. 

Cowls as Injectors.—As ouly two Injector forms of Cowls were tried, they 
have not been entered in the Tabular Reproduction of Results for Injectors 
(see Complete Tabulation, sheet CXCI.). A few preliminary trials were made 
with another Injector, but a special deduction had to be made in this case to 
allow for the non-inversion of the air meter (see Complete Tabulation, sheet 
CXC.). The use of air meters in the inverted position has already been explained 
at the conclusion of Part II., p. 265, of this Report. 


Downdraught. —In testing for downdraught, the raingauge caps (see sketch 
No. 72, &c.) were mostly tried 14 in. above the orifice of the open pipe, as in the 
early stages of the investigation this distance was considered the most effective. 

Downdraught with Board.—In downdraught experiments with board, the 
Cowl or Terminal was sometimes fixed upon the centre pipe and sometimes upon 
one of the outside pipes. 

Size of Base of Cow/.—As some of the Cowls are evidently constructed for 
fixing over, and others into, a 3-in. or 6-in. pipe, their spigot ends are not exactly 
3 inches or 6 inches, but slightly more or less as the case may be. 


GENERAL CONDITIONS WHEN TESTING. 

The tops of the outside open pipes in experiments with a Cowl or Terminal 
on the centre pipe were usually 8 ft. 3 ins. or 8 ft. 74 ins. above platform. 

The door of the Hut was generally shut during the progress of upcast and 
Injector experiments, but open when testing for downdraught. 

Caps and other additions to Terminals were mostly fixed by four wire stays 
from outside of band of cap to outside of the Terminal. In the later experi- 
ments, chiefly upon the louvre and sugarloaf types of Terminals, feathers or 
gills were substituted for the stays to admit of a comparison between the two 
methods of attachment. 

Terminals with stays were generally set for the wind to pass between the stays. 

In the case of Terminals which were surmounted by caps, the orifice of the 
pipe, whether cylindrical or diverging, was at the same height as the outside 
pipes, and the cap was placed above it; and in the case of Cowls, the middle of 
the Cowl was placed on the same level as the orifices uf the two outside pipes. 


ReFERENca Levers, 
The following Reference Letters have been used herein :— 
S indicates “Smoke Test.” 
i is ** Injector.” 
DB 5 “ Downdraught Test with Board behind centre of Terminal.” 
R . “Sloping Roof Test.” 


The drawings in the following Table are in proportion, but not all to the 
same scale. The Terminals up to No. 214, p. 385, were all fitted to 3-in. pipes. 
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SMOKE EXPERIMENTS. 


THE numbers given in the account of the experiments on terminals 
show that it is possible to increase the upcast flow in the three-inch tube 
by the addition of a terminal of special shape. 

This interesting result is illustrated and largely explained by the series 
of experiments upon the distribution of smoke issuing from the top of the 
tube, or from the cowls or terminals surmounting it, which were made 
by Mr. Farmer in 1897 and 1898. 

The curling downward in eddies of smoke issuing from the top of a 
tall chimney is a well-recognised phenomenon, and the production of 
these eddies has a marked effect upon the flow of air. In order to obtain 
definite information as to the distribution of these eddies, the central pipe 
at the Hut was supplied with smoke by burning paper soaked in a paste of 
nitre and sulphur. Careful drawings of the distribution of the smoke at 
the outlet were made. These drawings are here reproduced, and they 
should be consulted in comparison with the results which are tabulated 
and plotted for the terminals. The numbers refer to the sketches in 
Tables XXVIIL, XXIX., XXX., XXXIII., and the letters to the 
diagrams commencing on p. 397. The corresponding upcast results may 
be seen in Table X-XVII., where “S” indicates that the terminal has 
been tested with smoke. 

The illustrations have been prepared from rough sketches made at 
the time of the experiments, as it was thought better to reproduce the 
original sketches than to have more finished drawings made. 


Diagram 5l. 
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Smoke Observations, November, 1897. 


The original Sketch Numbers on this Diagram should be translated 
for reference, as follows :— 


6541= I 6545 = 1308 6550 = BJ 
6542= 179 6546 = 1300 6551 = 202 
6543 = (1804 6547 = 131 6552 = 1&8 
wee 131 6548 = 101 6553 = BR 
64H—= BH 6549 = 102 6554 = 149 


6555 = BR 
6546 = N 
6Ab7 = N 
6458 = N 


NorE.—1304 to 130¢ similar to 130 but with feathers as shown. 


Diagram 52. 
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Smoke Observations. 


A 
lB. caer 


1X) ) 


Pa foboe 
Similar to 43 but open at bottom. 


rou 


_—_— 


The above are open top and bottom, the greatest amount of 
smoke coming out at the top. 


43 


Pole 2 7017 


191 


The above are open both ends. 


Diagram 64. 
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7000 


Plan of above. 


Tho above are open top and bottom. By far th3 greatest quantity cames out 
at the top. 


4 


7004 


7008 


4? 
e 
4 
— 
- { — - 
« = 
velo? 7oos. 

Teoe 


The above are open at the bottom and closed at the top. 


Diagram 565. 
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Smoke Observations. — (Continued). 


255 
Torpedo Ventilator. 
Your 7yar 
544 
1380 and BH, 
but with 
feathers 


carried up. 


Diagram 56. 
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The observations of the action of the smoke, in particular the free 
formation of the eddies on the leeward side of the pipe carrying the best 
terminals which are here reproduced, led to a special inquiry being made 
into the effects produced by varying one special characteristic or dimension 
of various terminals, keeping all the others the same. Some experiments 
of this kind had already been made, and among those which followed the 
experiments with smoke may be specially mentioned the tests of the 
effects upon louvre and sugar loaf terminals of varying such elements as 
the dimensions of the louvre, its best number of feathers, its height above 
or below the orifice of the pipe, the position of a flange or fillet. 

It should be premised that Louvre Terminals are truncated cones, in 
which the length of the side is less than the diameter of the base (in a few 
exceptional instances, such as experiment 5679, etc., the height has been 
increased for experimental purposes). . 

Sugar Loaf Terminals are truncated cones, in which the length of the 
side is greater than the diameter of the base (in a few exceptional 
instances, such as the 4} in. x 74 in. x 6 in. sugar loaf, the height has 
been decreased for experimental purposes). 

It may also be mentioned that a Raingauge Cap is understood to be an 
inverted cone with a vertical angle of 6U°, and surmounting a cylindrical 
band of various dimensions. The most satisfactory results for a rain- 
gauge cap for a 3-in. pipe is shown on diagram 76 at fig. BJ, p. 416, 
and a 4}-in. diverging tube in fig. BK. (See also Complete Tabulation 
Sheet, p. 396.) 

The details of these experiments will be sufficiently understood from 
the curves represented on diagrams 57 to 82, figs. A to CC. 


The following notes should be added :— 


(a) Fig. N.—This terminal was tried on sloping roof with the flange 
flush with orifice of pipe; also with flange 3 ins., 6 ins., and 9 ins. below 
the orifice. 

(b) Fig. BD.—The general average for nine feathers from twenty- 
eight experiments (Complete Tabulation, Sheet CX XVIIL.*) is 153. 

(c) Fig. BK.—This diverging tube, surmounted by 13-in. rain-gauge 
cap, was tried for down-draught, with board at back of terminal. 

(d) Fig. BR.—Diverging tube experiments, with and without flange, 
were tried on sloping roof. The 44-in. X 18-in. diverging tube was 
tried for down-draught, with board at back of terminal. 


* Not reproduced. 
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Table XXVIII. DOWN-DRAUGHT EXPERIMENTS. 
(See p. 437). 


« Anglia from Vertical 


Reference Letters to hie which 
F Aipasse on ee downdranght is REMARKS. 
me zs ubserved, 
= - = : 
| A = Inclined towards wind.* ( 
B = Inclinea away from wind. 
Har = : INS fy eadtes No downdraught observed. 
wv = 6ins H B 6° 
w= Bins B 40° | 
O.. = 4ins fo eee No downdraught observed. 
wo 6 ins B 40° 
U, B 40° | 
4. B 30°? H 
Al. A 50° Top of Sugar Loaf, 6 ins, 
pe e 30° ? “ » 74 ins. (forming a cylinder), 
AP, 40 
AQ. : A 30° 
(eat A 40° 
AR. wv = Idins, { Be? 
eee A qu? 
w= 2} ins. { B Gu? 
‘ . {Prior to this test. this louvre measured— 
_ r A 6NS top 3 ins. height 38 ins., bottom 7 ins. 
Re SANS | B 6? and gave downdraught, both in posi- 
a | tions A and B at 60°. 
G, A 60° 
B 60° ; 
BH. A 40° 
BO. A 50° 
bP. ; + B 30° 
BY. A 40° Pipe inserted 14 ins. into Sugar Loaf. 
B 50° ” » Bins. ,, 5 
A 50°? os ey lZ ins. ,, o 
B £&0° 7 $5 1] ins. 5 
B 40° i ” » _ 1 to 10 ins. * 
B 40° | Pipe flush with Sugar Loaf. 
B sue . Pipe 14 ins. below bottom of Sugar Loaf, 
Reference Letters 
4 Reference 
eee Letter. 
gram. oars 
Ss. ; F 
\ These references are given to show which 
BW. Ss. i he atau : ; a7 RY 
BJ. Ss. terminals represented in Diagrams 57-82 were 
AX Ss | tested with smoke. 
ahah. * 1 
i 


Upon examination of the work upon terminals, summarised in the 
Complete Tabulation Sheets, it is found that the 3-inch pipe results for 
a 9-in, rain-gauge cap 1} in. above a 54-in. x 6-in. louvre 3 inches deep, 
flanged for protection against downdraught, showed an efficiency of 133, as 
compared with an open pipe result of 100. This is the best experimental 


* See page 207. 


—— 
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upcast efficiency upon a 3-in. pipe obtained by the Committee,” and repre- 
sents the average of thirty-one experiments tried on eight different days, 
including three alterations in the assigned positions of the air meters used. 
As the result is likely to prove of peculiar interest, occasion has been 
taken in this instance to reproduce, as a specimen of the Complete 
Tabulation, Sheet CXX. (facing p. 396) in its entirety. In some of the 
columns details have been omitted, because the experimental results corre- 
sponding thereto have already been completely entered upon some other 
sheet. 

A still higher value for the ‘ratio was obtained from a terminal, con- 
sisting of a very long diverging tube having a 5-in. orifice surmounted by 
a louvre and a rain-gauge cap. (See Table X XVII, sketch No. 179.) 

Some special experiments were made to ascertain the effect upon the 
upeast efficiency produced by altering the size and shape of the stays 
supporting 7}-in. and 9-in. rain-gauge caps over a 3-in, pipe; also of 
varying the fixing of the stays from the outside to the inside of the caps. 
The results arrived at were as follows :— 


Thin. Rain-gauge Cap. 


Number of | Description of ; | Noof | 
Tabulation | shape of | Size. How attached to Cap. | Efficiency. | Experi- , Sketch. 
ments, 


Sheet. | Stay. 


| 
LX* | oU shape. : Yin | Outside. 
\ 


LX*  — U shape. | in. | Ineide. 


| 

| 
| | 2 
; | 


ray 
_ 
, i) 


9-in. Rain-gauge Cap. 


Lx* U shape. | Zin. Outside. 112 9 
7 | + %; in, Fe 113 10 
' i : Inside. 114 


I 


Lx® V shape. | Zin. Outside and wind | 108 3 

\ blowing between 
two of the four | 

| stays. 

a U shape. a 9 114 3 


” ; » | Inside and wind 117 6 

blowing between 
| two of the four 
1 stays. 


* Provisional Patent Number 16735, 
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Diagram 69. 
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Diagram 60. 
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Diagram 61. 
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Diagram 62. 
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Diagram 68. 
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Diagram 66. 


406 V.— Curves of Results :—Terminals, 
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Diagram 69. 


VOL, XXII, PART III, 


Digitized by Google . 


410 Vi— Curves of Results :—Terminals. 


Diagram 70. 
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Diagram 7I. 
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Terminals with 4 feathers. 


Diagram 72. 
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AU, AV, 4 feathers ; AX, 3 feathers. ; . * 
Diagram 73. . 
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AY, BC, 4 feathers ; BB, BD, 9 feathers. 
Diagram 74. 
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BF, BG, BH, 4 feathers. 


Diagram 75. 
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Diagram 76. 
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BO, BP, 3 feathers, 
Diagram 77. 
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Diagram 80. 
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a anes on Sloping Roof, Angle 52°. ‘Terminals 
lft. above Ridge of Roof. 


Curves showing the variation of efficiency with the direction of the wind. 


Diagram 8l. 
(See also Diagram 50, p. 339.) 
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Results 


of Experiments made in Winds Blowing 
from 78} to 90 degrees to Ridge. 


Diagram 82, 


at Angle 
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RESULTS FOR COWLS. 


The results for Cowls have been treated in the same way as the results 
for Terminals, and are dealt with in Table XXIX. Many of the Cowls 
are well known by the names of the makers, but the satisfactory identifi- 
cation of all the Cowls in this manner would have involved a considerable 
addition to the labour of preparing the Report, as the history of each 
Separate specimen was not recorded in a form which facilitated its identifi- 
cation; moreover, it was clearly impracticable to assign names to the 223 
different forms of Terminals, and accordingly it seemed better to extend 
to the Cowls the practice adopted with Terminals and make a Scale 
drawing of each Cowl tested for identifying the particular form employed. 
A Scale drawing has accordingly been reproduced in the third column of 
the Table as in the case of Terminals. The general notes prefixed to the 
table of results for Terminals (sce page 347) apply, generally speaking, 
to the following Table also :— 
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433 
RESULTS FOR INJECTORS. 


The next series of experiments to be referred to is that which is 
concerned with Injectors. For these experiments the injector cowl was 
mounted in place of the ordinary upcast cowl on the central pipe, and the 
reading of the air meter at the foot of the pipe compared with the 
corresponding upcast readings in the two outside pipes. It has already 
been pointed out (p. 340) that in an experiment of this kind the injector 
reading is not comparable with what would be obtained for the upcast cowl, 
because in the former case the injector is supplying air to the inside of 
the hut, and the external pipes are withdrawing it, whereas, in the latter, 
all three pipes are drawing air from the interior of the hut, which has to 
be supplied through the door or window or the casual openings. The high 
numbers obtained for the injectors must not therefore be regarded as being 
quite on the same footing as the numbers given for cowls. To make the 
experiments comparable with the cowl experiments, all three pipes should 
have had injectors mounted on them, and in that case the air supplied 
through the injectors would have had to find its way out of the hut. 

It should be noticed that if the hut were perfectly air tight, except 
for the experimental pipes, the wind blowing across them could only 
produce an upcast in one if there were a downdraught in some other 
one, and three perfectly similar cowls upon three pipes should produce an 
actual balance, and there should be no flow of air up any one of the three 
pipes. Similarly with three equally efficient injectors placed upon the 
three pipes, no air could go down any one of them, unless there was some 
means for it to escape either up one of the other pipes or out of some of 
the other openings in the hut. It would in practice be impossible to get 
conditions so accurately the same even for two pipes, as to get an exact 
balance, and in consequence what one would expect with two similar 
cowls mounted upon a closed hut, is that there should be downdraught 
in one and upcast in the other, and the same would be the case with two 
injectors, 

Injectors act by direct impulsion of the wind upon an orifice, and 
some contrivance must be made in every case to secure that the orifice 
faces the wind. If there is any want of sensitiveness in this respect, the 
injector is liable to fail in light winds, and may of course act as an upcast 
cowl if the orifice be away from the wind. 


The results for injectors are contained in Table X XX. :— 
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436 1.— Results for Injectors. 


The difference of action in the two cases referred to above may be 
exemplified by some special experiments that were made to test the effect 
on injectors of opening and shutting of the door and window; see Dia- 
gram 83. 


Arrangements for Testing the Effect of Wind 
on Injectors. 


Plan 


: ae 
This half removed 
when window open 


leval gon. 


Plan. 


Diagram 83. 


With the door open and the wind blowing in the quadrant between 


the face of shed and at right angles, on the side opposite to the hing™ 
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as much air practically went down the centre pipe as went up each of the 
outside ones, the efficiency being 1:12, but when the door was shut and the 
Injector became relatively a much more important air supply for the 
requirements of the two outside pipes, the ratio became 1°83. © When 
the wind blew from the hinge side the effect of opening the door was 
much less marked, the ratios being 1°79 with door shut and 1-67 door open, 

For winds on S side the window was used in the same way as the door 
for Northerly winds, and in these winds opening the window reduced the 
efficiency of the injector, as compared with the upcast in one of the pipes, 
from 1-67 to “1, but with both window and door open the ratio of the 
injection to the upceast rose to 1°51. 


EXPERIMENTS ON THE Fatiry SETTING OF TERMINALS AND Cow Ls, 

About 52 experiments were made to test the effect of faulty setting of 
terminals upon pipes, or of the pipes carrying terminals. For this purpose 
the pipe with its terminal was inclined towards and away from the wind 
respectively, or the caps were tilted in their supporting pipes through 
definite aneles which were indicated by specially constructed level gauges. 
The results show no marked effect in the former case, but in the latter it 
was observed the bad setting of a sugar loaf terminal, or rain gauge cap 
corresponding to a tilt of 1 in 28, might produce a decrease in the 
efficiency of the terminal to the extent of more than 5 per cent. 


Furtukr Experiments ON DOwS-DRAUGHT. 

Besides the experiments on down-draught, of which results are included 
in the tabular statements for cowls and terminals, a number of others 
were made, and reference should be made to the following :— 

(1.) Those included in Table XXVIIL. p. 395, which gives the results 
of down-draught experiments upon terminals similar in shape but differing 
in dimensions from those referred to in the Diagrams 57-80. The letters 
in the first column of the table refer to the diagrams, and the details of the 
experiments will be sufficiently understood from the table wherein the 
letters A and B have the same signification as in the Tabular reproduction 
of results (see Table XXVIL, p. 349). 

(2.) A number of experiments known as “ Experiments on Down- 
draught with Board,” whereby it was sought to determine the effect upon 
a cowl or terminal by placing a board at various distances behind it across 
the direction of the wind. The arrangement of the board is represented 
in Diagram 85 (a) and (0d), and the results will again be sufficiently under- 
stood from ‘Table X X.-XI. (facing p. 440), wherein the letters have the fol- 
lowing signification :—D denotes down-draught ; S, stationary; U, upcast. 


438 V.—Down-draught Experiments. 


(3.) A few experiments were made with a board placed behind the 
middle open pipe, but inclined at an angle of 45° approximately to the 


Proximity of Pipe to Sloping Roof. 


Elevation. Cross Section. 


RESULTS. 
3° Open pipe in pesilion A 5c" from slope. Dewadraught Wind W. 15 miles per hear. 
o 6th: “from shpe. Dewndraught W.wind some Upcast NSW wind 
Ot DSC from slope. Donndreught Wind Why5. 15 miles per hoor 
o° 


ao OD Sh from slope and Ys" above lop edge of shpe. Meter stahonary 
end momentory dewndrought. Wind SW.and W. 

Centre of cow! same height as top of slope and Ie’ from slope. Oowndraught 

Wind W. 12 IS mikes per hour. 


Diagram 84, 
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horizon, and so adjusted as to represent the effect of a sloping roof upon 
a pipe rising from the eaves. 

The different experiments consisted in observing the occurrence of 
down-draught for pipes of different heights, and consequently having 
their orifice at different horizontal distances from the board. One 
experiment was also made with a Cowl. The results of the experiment 
are given in Diagram 84., p. 438, which sufficiently explains the 
arrangements. 


PLAN. FRONT ELEVATION. 


: 


Ae. 
‘ 
' 
' 
! 


Diagram 86 (a). 


4410 Vi—Down-draught Experiments. 


SIDE ELEVATION. 


10 Feet. 


’ Diagram 86 (b). 


A further number of interesting experiments were made on placing a 
small ridge roof 4 ft. in span and inclined at 52° to the horizontal on one 
side or the other of the line of pipes. The results of these experiments 
are represented in Table XXXII, p. 441, in which the diagrams 
represent the relative distribution of the roof and the hut. In the first 
series the orifice of an open pipe was at one foot above the ridge, in the 
others the orifice or the centre of the cowl was at the same level as the 
ridge. The “efficiency” is compared for different directions of the wind, 
and it will be seen that, except in the case of the revolving “ dust-pan,” as 
the wind gets round to the cross line of the ridge the efficiency falls off 
considerably, especially with the terminal known as the rain-gauge cap. 
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Table XXXII.—Effect of Sloping Roof on Upcast. 


(Roof-ridge, 52°, running N. and 8.) Experiments at Old Deer Park. 


NOTE, — * denotes Downrdraughit. 


The mean of the two Outside Open Pipes taken as 1-Uv. 


Pipe West of Sloping Roof. 


Wind Direction. Efficiency. 
S.S.W. to 5.W. we WD 
S.W. by S. to S. by W. ... 86 
S.S.W. we 80 


W.S.W. to S.W. by S.... 4u# 


Pipe West of Sloping Roof. 
Wind Direction. Efficiency. 
S.W. by 8. to 5. we OF 

S.8.W. we BO 

S.W. by 8. to SW. by W.... "26" 

S.W. by W. to W.byS. ...  ‘23* 

SW. to SWobyW. ... 42 
S.W. by S. to S.W.by W.... 50 
S.W. by W. to W.byS. ... 0 * 


Terminal West of Sloping 
Roof. 

Wind Direction. Efficiency. A 
SW. toSW.byS. 2. 05) 43 
S.W. by W. to S.W.ebyS.... 48 |} 
S.W. by W. to S.W.byS.... 51 
S.W. to W.byS.... "30" 
W.S.W. toS.W. 0... BUF 

W. to W.S.W. w LL 

W. to S.W.byS. 9... “36* 


Cowl West of Sloping Roof. 


Wind Direction. Efficiency 
S.W. as “G4 

S.W. by 8. to W.S.W. we 458 
S.W. by W. to S.W.byS. ... 33 
W. by S. to S.W. a. 735* 

W. to S.W. by W. aay 21° 
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Pipe East of Sloping Roof. 


Wind Direction. Efficiency. 
S.W. to WS. wo lt 


S.W. by S. to SSW... 108 
S.S.W. to S.W. by 5S... 108 
S.W. to SW. by W... I 


Pipe East of Sloping Roof. 
Wind Dfrection. Efficiency. 
SS.W. to S.WobyS. 2.0 72 
S.W. to SS.W. we 87 
W.S.W. to S.W.byS. .. Dl 
W.S.W. to SWobys. ... P12 
S.W. by 8. to S we 8 
SSW. to S.W. we 5 


The two out- 


Slaw 
side open pipes 
» e« were 8 ft. 8 in. 
above the ridge 
of the roof. 
s 


Terminal West of Sloping Roof. 


Wind Direction. Efficiency. 
S.W. ie 1:16 
S.W. coe 1:22 
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442 V.—Sloping Roof Experiments. 


The question of the effect of a ridge roof was still further investigated. 

A few experiments were made upon the effect of a small, high-pitched 
roof with a roll ridge and an open pipe close up to the roll of the 
ridge, with its orifice flush with the top of the roll (see Diagram 86). The 
results are given on p. 443, and the different conditions of the several 
experiments are there specified. It will be seen that, under these circum- 
stances, the roof improves the action of the pipe unless the wind is 
directed along the ridge, when the efficiency drops to about three- 
quarters. 

ELEVATION. CROSS SECTION. 


Diagram 86. 


Nore.—The ridge was 8 ft. 8 in. above, and the two outside open 
pipes 11 ft. 2 in. above platform. The mean of the two outside open 
pipes taken as 1-00. 

Sloping roof fixed so that the ridge was practically in, and parallel to, 
the line of the pipes (N. by E. to S. by W.). 
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RESULTs OF EXPERIMENTS WITH Stoprna Roor, No. 3. 

Pipe in front of sloping roof. Pipe at back of sloping roof. 

Wind direction. — Efficiency. Wind direction. | Efficiency. 
N.W. to W.N.W. 1-10 N.W. by N. toN.W. by W. 1°10 
N.W. to W.N.W. 1:09 N.W. by N. toN.W. by W. 1:13 
N.N.W. to N.W. 1:16 

N.N.W. to W.N.W. 112 
N.W. to N.W. by N. 1-21 
N.W. to N.W. by N, 1-14 | 


Sloping roof fixed so that the wind direction (N.W.) is along ridge. 


Resuct. 
Wind direction. Efficiency. 
N.W. *T5 
N.W. by N. to N.W. by W. “74 


Ripce Roor with Prowsectina PIpe. 


The experimental work at the Hut included about 1,000 experiments 
of various kinds upon the effect of a ridge roof upon an open pipe, cowl, 
or terminal, mounted so that the opening was at various heights above the 
ridge. Practically all the experiments have been dealt with, but three 
selections are given in diagrammatic form as examples. First, Diagrams 
BW to CA, p. 421, Diagram 50, p. 339, exhibit the effect of changes 
in direction of the wind upon the upcast for an open pipe, and for a 
number of terminals which are indicated by small drawings in the 
Diagrams BX-CA. The curves show with conspicuous minima for 
the E. and W. points, and less conspicuous minima in the line of 
pipes, with maxima for angles approximately of 45° each way, except 
in the case of the dust-pan, which revolves with the wind and shows 
a maximum when the others show a minimum for the E. and W. points, 
and a minimum for the line of ridge. Secondly, Table X XXIII, 
p. 444 and 445, gives the results of experiments for a number of 
terminals and one cowl, for which there are not sufficient observations to 
draw curves; and thirdly, Diagram 84, p. 438, shows the effect of varying 
the height of the orifice above the ridge with the wind blowing nearly 
across the ridge—the most unfavourable position ; the diagram sufficiently 


explains itself. 
FF 2 
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- at the Hut, Old Deer Park, Richmond, Surrey. 
_ Angle of Slope, 52°. 
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GENERAL Note To Siopinc Roor TEstTs. 


The following is an enumeration of terminals also tried on sloping 
roof, the experiments upon which were too few to warrant their inclusion 
in diagrammatic or tabular form :—4} ins. by 18 ins., diverging tube (see 
Diagram No. 78 BR, p. 418); ditto with 9-in. flange, 6-ins. from orifice ; 
sugar loaf with fillet (see remarks to Sketch No. 110); twirling rain- 
gauge cap over diverging tube (see Sketch No. 213); and lobster similar 
to Sketch No. 198, but with flange 6 ins. below orifice of pipe. 


At the time of Mr. Rogers Field’s death, the experimental work in 
connection with sloping roofs was still in progress; it has not been com- 
pleted, and the presentation of the results of the investigation of necessity 
exhibits this want of completeness. The numbers obtained are left to 
speak for themselves, without any attempt at expressing in general terms 
the comparisons that might be drawn between Cowls and Terminals of 
different types. 
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JOURNAL 
THE SANITARY INSTITUTE. 


CONFERENCE ON WATER SUPPLIES AND RIVER 
POLLUTION. 
OCTOBER 16TH anp 17TH. 
FIRST DAY’S PROCHKEDINGS. 


Prof. HENRY ROBINSON, M.Inst.C.E., in the Chair. 


HE CHAIRMAN, in opening the proceedings, explained that domestic 
bereavement prevented Sir Alexander Binnie presiding, as had been 
arranged, and that he desired, on the part of the Council of The Sani- 
tary Institute, to offer to all the Delegates a cordial welcome. He felt 
that the response to the invitation sent out, as evidenced by the large. 
attendance, showed that the efforts of the Institute were thoroughly 
appreciated. The subjects to be dealt with were set out in the papers 
which had been printed, and which would be taken as read. In regard to 
these subjects, he could recall to mind a Conference held a quarter of a 
century ago at the Society of Arts when resolutions were passed on many 
points similar to those to be brought forward that day. The outcome of 
that early Conference was a general intimation as to the necessity for 
carrying certain requirements into effect, and many of the requirements 
advocated in the papers now to be discussed were advocated then, yet all 
these years had elapsed and very little had been done. Summarising the 
main points the Conference was to consider, they were “The Necessity for 
Preserving the Purity of our Rivers”; “The Necessity for Preserving our 
Watersheds;” and “The Legal Aspect of Watersheds and Underground 
Water.” The question of dealing with upland waters was raised at the 
Society of Arts Conference, and it was suggested that, inasmuch as large 
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volumes of water ran to waste and became sources of injury, some public 
authority should take in hand the conservation of such waters, so that the 
waters coming from the uplands should not do injury in the lowlands. The 
difficulty raised at once was the incidence of taxation and how the funds to 
carry out the necessary work were to be raised. It was a fact that owners 
of land in the uplands on which the rain fell and came to the lowlands 
claimed that the water which fell upon their land was of so much value 
that instead of contributing to the cost of carrying out remedial works to 
store flood waters which were to be utilized they should be paid some- 
thing. Some of these matters would be brought before the Conference in 
a paper which would be taken the following day, dealing with the question 
of “Water Supply and River Pollution,” and therefore he would not 
pursue this subject further, but invite discussion on the first three papers. 


45) 


THE PROTECTION OF WATERSHEDS. 


By J. PARRY, M.Inst.C.E. 


BOUT the middle of the last century there was in this country a 
strong movement in favour of improved sanitary conditions. That 
movement was greatly helped, and, to a large extent created, by the 
Reports of the Health of Towns Commission, which disclosed a state of 
things in relation to drainage, cleansing, and the supply of water, that 
demanded the immediate adoption of remedial measures. 

Within a few years of the appearance of those Reports the local 
authorities of many large towns, especially in Lancashire and Yorkshire, 
obtained powers to purchase existing undertakings established by private 
Companies, and to construct new works for the purpose of securing a con- 
stant and wholesome supply of water. Most of these new works consisted of 
catchment reservoirs constructed to impound the waters falling on upland 
and sparsely populated districts, and it was not thought necessary to 
obtain any powers for the protection of the purity of the water beyond the 
provisions contained in section 61 of the Waterworks Clauses Act, 1847. 
That section provides as follows :— 


“Every person who shall commit any of the offences next hereinafter 
enumerated shall for every such offence forfeit to the Undertakers a sum 
not exceeding Five Pounds; (that is to say) 

*‘ Every person who shall bathe in any stream, reservoir, aqueduct, or 
other waterworks belonging to the Undertakers, or wash, throw, or cause 
to enter therein any dog or other animal ; 

“Every person who shall throw any rubbish, dirt, filth, or other 
noisome thing into any such stream, reservoir, aqueduct, or other water- 
works as aforesaid, or wash or cleanse therein any cloth, wool, leather, or 
skin of any animal, or any clothes or other thing; 

“‘ Every person who shall cause the water of any sink, sewer or drain, 
steam engine, boiler, or other filthy water belonging to him or under his 
control, to run or be brought into any stream, reservoir, aqueduct, or other 
waterworks belonging to the Undertakers, or shall do any other act 
whereby the water of the Undertakers shall be fouled ; 

“And every such person shall forfeit a further sum of Twenty 
Shillings for each day (if more than one) that such last-mentioned offence 
shall be continued.” 
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In some instances, as in the Liverpool Act of 1847 for the construction 
of the Rivington works, the opposing land owners succeeded in preventing 
the application of these pollution clauses, and it was not until many years 
later that the provisions became operative. 

Since 1847 there has been no general legislation for the protection 
of the gathering grounds of waterworks as distinguished from other 
watersheds. 

The Rivers Pollution Act of 1876 applies to all rivers and water- 
courses, and, although it does not contain any special enactments with 
reference to rivers on which communities are dependent for their water 
supplies, it could be made much more effective in preventing the fouling 
of water intended for domestic consumption if better means could be 
devised for enforcing its provisions. 

Recent efforts to prevent the fouling of water flowing into reservoirs 
for domestic use have, in England, generally been directed to the purchase 
of the drainage areas affected, as being the most effective and speedy 
method of attaining the desired result. At first this was attempted by 
agreement, but of late years quite a number of Bills have been promoted 
to confer upon local authorities power to purchase by compulsion. 

Manchester was, I think, the first great city to move in the matter 
of buying its watershed. Influenced by the difficulties experienced at 
Longendale, Manchester bought up the whole of the area draining into 
Lake Thirlmere, but the amount paid as compensation, especially in one 
famous case, was so excessive as to seriously alarm and discourage in- 
tending purchasers by the same capricious process. 

It is particularly important that Manchester should have full control 
over its gathering ground because the water is not filtered before dis- 
tribution. Liverpool, in its Vyrnwy Act, obtained power to acquire the 
watershed by agreement, notwithstanding that it intended to filter the 
whole of the Vyrnwy water. Birmingham adopted the same course in 
connection with its Welsh scheme, now approaching completion. 

Glasgow adopted a different course. The Corporation approached the 
proprietors of the land around Loch Katrine and arranged that they 
should renounce their rights of feuing land around the Lochs and within 
the drainage area of 20,000 acres. 

In the United States of America the importance of protecting the 
gathering grounds of waterworks has been widely recognised, and in some 
States very vigorous measures have been adopted. — 

Public opinion in America seems to be in favour of making Regula- 
tions for protecting the purity of water supplies, rather than the policy of 
purchase. 
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The procedure of the State Board of Health of Massachusetts may be 
cited as an example of the best American practice in this important 
matter. 

Under the provisions of chapter 510 of the Act of 1897, entitled “ An 
Act relative to the Pollution of the Sources of Water Supply,” the 
Board is empowered to make rules, regulations and orders for the purpose 
of preventing the pollution and securing the sanitary protection of all 
streams and ponds used by a city, town, or water or ice company in the 
commonwealth, as sources of water supply, together with all springs, 
streams and water courses tributary thereto. 

The Act referred to also provides that the Board shall appoint agents 
to enforce its provisions, and that their compensation shall be paid by 
the city or town, water or ice company making application to the Board. 

By the provisions of chapter 488 of the Act of 1895 the State Board 
of Health is authorised and required to make rules and regulations for the 
sanitary protection of all waters used by the Metropolitan Water Board 
for the supply of any city, town or water company; and in response to an 
application from the Metropolitan Water Board, the State Board has 
provided such rules and regulations as appeared to be required for the 
protection of the waters described. 


The regulations issued for observance on the watersheds of the 
Metropolitan Water Board are in substance as follows :— 


They deal with the protection of water supplies, defined as “any lake, 
ond, reservoir, stream, ditch, water-course, or other open waters used 
y the Metropolitan Water Board as a source of Public Water Supply, 

and any lake, pond, reservoir, ditch, water-course, or other open waters, 
the water of which flows directly or ultimately into any waters so used 
by the Metropolitan Water Board. 

“1. No cesspool, privy, or other place for the reception, deposit, or 
storage of human excrement, and no urinal or water-closet not discharging 
into a sewer, shall be located, constructed, or maintained within fifty feet 
of high-water mark of the source of the water supply. 

“2. No human excrement shall be deposited or discharged in or into 
the source of the water supply; and no human excrement shall be kept 
in or deposited or discharged in or into any cesspool, privy, or other 
receptacle situated within two hundred and fifty feet of high-water mark 
of the water supply, unless such cesspool, privy, or other receptacle is so 
constructed that no portion of its contents can escape or be washed into 
any such waters. 

“3. No human excrement or compost containing human excrement, or 
contents of any privy or cesspool or sewer, or other receptacle for the 
reception or storage of human excrement, shall be deposited or discharged 


458 Protection of Watersheds. 


upon or into the ground at any place from which any such excrement 
may flow or be washed or carried into the source of the water supply.” 

“4, No house slops, sink waste water which has been used for washing 
or cooking, or other polluted water shall be discharged into the source 
of the water supply or into the ground within fifty feet or upon the 
ground within two hundred and fifty feet of high-water mark of the 
water supply. 

“5, No garbage, manure, or putrescible matter whatsoever shall be 
put into the source of the water supply; and no garbage, manure, or 
putrescible matter whatsoever shall except in the cultivation and use of 
the soil in the ordinary methods of agriculture be put upon the ground 
within two hundred and fifty feet of high-water mark of the water supply. 

“6. No stable, pig-sty, hen-house, barn-yard, hog-yard, hitching or 
standing-place for horses, cattle, or other animals, or other place where 
animal manure is deposited or accumulates, shall be located within fifty 
feet of high-water mark of the water supply; and no stable or other 
place as above enumerated shall be located within two hundred and fifty 
fect of high-water mark of the water supply, unless suitable and adequate 
provision is made to prevent any manure or other polluting matter from 
flowing or being washed into such open waters. 

“7, No interment shall, except by permission in writing by the Metro- 
politan Water Board, be made in any cemetery or other place of burial 
within fifty feet of high water mark of the water supply. 

“8. No lands which were not under the control of cemetery authorities 
and used for cemetery purposes on July 1st, 1899, from which the natural 
drainage flows into the water supply, shall be taken or used for cemetery 
purposes until a plan and description of the lands which it is proposed to 
use for such purposes sufficient for their identification shall be presented 
to the State Board of Health, and until such taking or use shall be 
approved in writing by the State Board of Health. 

“9, No manufacturing refuse or waste products or polluting liquid, or 
other substance of a nature poisonous or injurious either to human beings 
or animals or other putrescible organic matter whatsoever, shall be dis- 
charged directly into or at any place from which it may flow or be washed 
or carried into the water supply. 

“10. No system of sewers or other works for the collection, conveyance 
disposal, or purification of domestic or manufacturing sewage or drainage, 
or any other putrescible organic matter whatsoever shall, except in accor- 
dance with plans first approved in writing by the State Board of Health, 
be constructed or maintained at any place within the watershed of the 
water supply. 

“ No private or separate sewer shall be constructed or maintained having 
an outlet upon or in the ground within two hundred and fifty feet of high- 
water mark of the water supply. 

“11. No public or private hospital or other place intended for the 
reception or treatment of persons afflicted with a contagious or infectious 
disease shall, until the location and construction thereof have been 
approved in writing by the State Board of Health, be located or con- 
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structed at any place within the watershed of the water supply, nor 
shall be maintained at any place within such watershed, unless all the 
provisions required by the State Board of Health for the purification 
or disposal of sewage, drainage, or other polluting or organic matter, 
which may be discharged therefrom, have been complied with, and unless 
all orders issued from time to time by the State Board of Health in 
relation to purification and disposal of sewage, drainage, and other pol- 
luting or organic matter which may be discharged therefrom, are fully 
complied with. 

“12. A tannery, currying shop, or other establishment, or place, where 
the skins, wool, hair or fur of any animal are treated is subject to the 
same provisions as a hospital (No. 11). 

“13. A slaughter-house or other building for carrying on the business 
of slaughtering cattle, sheep, or other animals, and a melting or rendering 
establishment is subject to the same provisions as a hospital (No. 11). 

614. No person shall bathe in, fish in, or send, drive, or put any 
animal into the water supply. No persons shall enter or go in any boat, 
skiff, raft, or other contrivance, or drive any animal upon the ice of the 
water supply. 

“15. No person shall enter upon the water supply for the purpose of 
cutting or taking ice, or cut or take ice from the water supply without a 
written permit signed by the Metropolitan Water Board, stating the time 
and place for which such permission is given. 

“16. All reports which may be made to any Board of Health or to any 
health officer of any city or town of cases of contagious or infectious 
diseases occurring within the watershed of the water supply shall be 
open to the inspection at all reasonable times of the Metropolitan Water 
Board, its officers or agents. 

“17, Nothing contained in these rules shall prevent the Metropolitan 
Water Board from making or enforcing such further rules, regulations, 
and orders not inconsistent with these rules, as it may deem necessary for 
carrying out the provisions of chapter 488 of the Acts of the year 1895, 
and acts amendatory thereof and additional thereto.” 


As to the relative advantages and merits of the two methods of pro- 
cedure above described, tiz., on the one hand, the sanitary regulation of 
watersheds by statutory by-laws, and, on the other hand, the acquisition 
of the watersheds, there is room for considerable divergence of opinion. 

There is, however, it appears to me, no doubt that in the matter of 
preventing the fouling of water to be used for domestic supplies, the time 
has arrived when some advance should be made upon the legislation of 
1847, and that the Rivers Pollution Act of 1876 should be so amended as 
to become really effective for waterworks purposes. 

It would, unquestionably, be practicable by an amendment of the Houses 
Act of 1847 and 1873, or by authorising the Local Government Board 
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to make or approve of by-laws to be administered by local authorities, to 
provide for the disposal of sewage, and for the observance of sanitary 
conditions upon lands forming the gathering grounds of waterworks, so 
as to remove many of the dangers to public health that are now known 
to exist, but it would probably be necessary to establish some tribunal 
or form of procedure to determine what amount of compensation, if any, 
should be paid in cases of serious and unreasonable interference with 
existing rights of owners and occupiers. 

The policy to be pursued must, after all, be governed by the standard 
of purity to be established and maintained. ‘ 

And the conclusion at which I have arrived, after a careful considera- 
tion of the whole subject, is that if water supplies are to be effectually 
protected against all the risks of pollution prejudicial to health which 
modern science has revealed, the sources of supply, including the entire 
area over which rain is collected, must be owned by the authority 
responsible for the waterworks, and be managed solely in the interests 
of the water consumers. 

The question next arises, how can the drainage areas thus acquired be 
profitably utilised consistently with the maintenance of the highest standard 
of purity? Are they to be left absolutely barren and uncultivated? A full 
answer to this question would require more space than can be given to it in 
this short introductory paper. But there are many uses to which such 
lands could be applied as, for example, sheep farming, plantations and 
deer parks, that would produce some return for the outlay incurred in 
the purchase, and at the same time would satisfy every reasonable demand 
as to purity. 


(For discussion on this paper see page 469.) 
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THE PROTECTION OF UNDERGROUND 
SOURCES OF PUBLIC WATER 
SUPPLY. 


By EDWARD COX SEATON, M.D. 
Medical Officer of Health, Surrey County Council. 


(FELLOW.) 


HIS subject has to be considered from two standpoints, viz. :— 
(1) The protection of the water of a district against waste or 
abstraction, a question of quantity. 
(2) Its protection against local contamination, a question of quality. 


1.—PROTECTION AGAINST WASTE OR ABSTRACTION. 


The Surrey County Council, chiefly through the Chairman, E. J. 
Halsey, Esq., J.P., has taken a very prominent part in obtaining con- 
sideration of the first of these important questions. Until of late years 
there has been no central co-ordinating authority to protect the interests 
of local communities as against Corporations, Governing Authorities, and 
Companies furnishing the water supply of large towns. There have been 
many battles fought between such authorities and private persons. Locali- 
ties have thus benefited by the championship of their cause incidental to 
the assertion of individual rights. But such partisanship may not always 
be of a kind best calculated to promote what are essentially public 
interests. County Councils (together, if possible, with large Municipal 
Councils) are clearly the authorities best able to deal (on certain general 
Principles that can be agreed upon) with this question, involving as it does 
consideration of the interests of separate small as well as those of concen- 
trated large communities. 

Even as matters now stand County Councils can render essential help 
to threatened districts. In the County of Surrey alone illustrations are 
afforded by action taken with reference to the Aldershot Bill (1896), the 
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Woking Bill (1899), and with regard to a certain scheme of a London 
Water Company also in 1899. The points of the last mentioned case are 
given in the County Health Report for 1899 as follows :— 

Sutton is a district in Surrey with a rapidly growing population 
supplied with water by a Company which has been in existence for several 
years. The water is from the Chalk formation from which the supply of 
East Surrey, outside the Metropolitan area, is chiefly derived. An investi- 
gation made under the direction of the County Council showed that in the 
areas supplied by this and an adjoining Company, whose wells were 
situated at no great distance in a South-East direction, there were 21,000) 
houses. More than three-fourths of these already received a pipe supply. 
But there was a large margin, nearly 5,000 houses, still to be supplied, 
and the introduction of sewerage systems at Carshalton, Ewell and else- 
where, together with the natural growth of the districts, would rapidly 
increase the demands on local resources. It was thus shown that all the 
water naturally belonging to the locality was required within the County 
of Surrey. This was not a case in which local water could be reasonably 
spared. A Metropolitan Company had, however, recently purchased land 
in the locality with the intention of constructing a deep well for the 
purpose of extracting underground water and conveying it for use or con- 
sumption outside the County. Legally they were within their rights, and 
but for the successful opposition tactics of the County Council, the details 
of which need not be recapitulated, the immediate neighbourhood would in 
all probability have been deprived of its water. 

In this and other cases mentioned, County Council action was not con- 
fined to resisting encroachments from outside the County Administrative 
area. Adjustments had to be made as between localities within the 
County after taking into account both their wants and amenities. 

The effective action of the County Council in the above cases is 
undeniable. But though much may be done by means at present available, 
a scheme of a more comprehensive character is required for dealing syste- 
matically with the interests involved, and for placing limits under certain 
conditions on the rights of landowners in underground water. In 18:9 
Mr. Halsey drew attention at the County Council Association to this 
subject, and as a result the Water Authorities Bill, drafted under the 
instructions of a Committee of the Executive Council of the Association, 
was produced last session. It provides for constitution of representative 
‘water protection authorities,” with powers to promote as well as oppose 
Bills, to levy rates, and generally to protect all sources of water supply 
from waste (as in the case of colliery proprietors) or from abstraction 
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without the consent of the District Water Authority. There are other 
necessary incidental provisions, including that for keeping records as 
suggested by the Royal Commission presided over by Lord Balfour of 
Burleigh. 


2.—PROTECTION AGAINST LocaL CONTAMINATION. 


Without entering into any discussion at the present moment of the 
extent® to which typhoid is a water-borne epidemic disease at the present 
day, it will be agreed on all hands that the occurrence of certain typhoid 
epidemics in the past has been proved, on absolutely conclusive evidence, 
to be due to contamination of public water supplies. Furthermore, it 
must be admitted that the persistence, in many places, of certain condi- 
tions affecting, or threatening to affect, public water supplies in a manner 
dangerous to the public health, constitutes sufficient reason for drawing 
attention to this important question. The experiences of Maidstone and 
Worthing are recent enough to cause a feeling of uneasiness for the safety 
of certain supplies derived from underground sources, especially where no 
filtration arrangements or other additional measures of precaution, such as 
the softening process, are provided.f In these cases the Medical Officer of 
Health is charged with a heavy responsibility, and has a difficult task to 
perform. It is not enough for this official that analytical reports of a 
more or less favourable character are forthcoming. Events have shown 
that underground water of the highest purity may become suddenly 
fouled, and when so fouled is more dangerous than water exposed to the 
constantly purifying agencies of sunlight and fresh air, with accompanying 
natural processes. Unfortunately the precise nature and the extent of 
risk incurred is peculiarly insusceptible of proof. The wasting cesspit in 
a water-bearing stratum is a “potential” rather than an “actual” 
nuisance. It cannot, of course, be demonstrated to be a nuisance in the 
same way, for example, as the foul basement drain of a house. Experi- 


* As the question of the extent to which endemic and epidemic typhoid may be 
properly regarded as “water-borne” is of great practical importance in the direction of 
preventive measures, at home and abroad, I may state shortly my own belief, which is, 
that only a small proportion of this largely preventible disease is traceable to water 
supplies in this country. 

t An eminent geologist and water expert has declared that if the present rules of the 
Local Government Board relating to new sources of water supply which required their sanc. 
tion were retrospective, half the wells in a certain large county would have to be closed. 
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mental proof, as by the use of Lithia salts, is not only very difficult of 
application, but apt to be inconclusive. In such cases, to secure the 
removal of risks, we often have to rely on arguments based on a study by 
competent persons of the conditions under which outbreaks of water origin 
have been known to arise. Such arguments, addressed to parties 
concerned, by influential authorities have been known to produce the 
desired effect. 

I am happy to say that the Surrey County Council, acting in conjunc- 
tion with other authorities, have succeeded in showing in at least two out 
of three cases that with perseverance and steady insistence such methods, 
though undoubtedly slow, may be effectual. In one instance a sewerage 
system has been provided to carry off to quite a safe distance the sewage 
of a number of houses draining into the Chalk near some deep wells. In 
another instance where comparatively shallow wells in the fissured Chalk 
were situate in a town which is now sewered, but in which it was found that 
many wasting cesspits still remained partly in the water-bearing formation, 
action was also taken. The reports of the Sanitary Committee of the 
County Council (William Welch, Esq., Chairman) showed that ninety of 
these sources of danger were removed after their representations in 1899 
and 1900, and that during that period the number of soak-away cesspits 
within a quarter of a mile radius of the water-works pumping station had 
been reduced to thirteen. Since the last Annual Health Report of the 
county was published, as a result of further negotiations, an arrangement 
has been made between the District Council and the Water Company 
for dealing satisfactorily with all the thirteen outstanding cases, some of 
which presented exceptional difficulties. The necessary works are now in 
hand. The third case is one in which the interest of one of the great 
public schools of England is concerned, as is also that of a public water 
supply for a wide district with a town and villages which are favourite 
health and holiday resorts. The sewage of a part of the school is disposed 
of on soil (Lower Greensand formation) within 200 yards of the spot from 
which a large proportion of the daily supply of the whole district is 
derived. Four responsible medical officers of health have reported on 
these conditions as dangerous. The negotiations for their removal have 
been very difficult and protracted, and even now at the time of writing I 
am not in a position to say that the risk has been actually removed, 
though it is believed that the action taken by the County Council will in 
the end be successful. 

Calling to mind the terrible disasters at Maidstone and Worthing, it 
will be thought by many, especially those who have to bear the main 
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burden of responsibility when such tragic events occur, that more drastic 
measures than those which the law at present provides are required. I am 
inclined myself to think that the term “ nuisance dangerous or injurious to 
the public health” should be so extended as definitely and certainly to 
include wasting cesspits and other unsafe methods of sewage disposal close 
to sources of public water supply. 

I have endeavoured to place as shortly as possible some of the chief 
points in connection with this large and important subject before the 
meeting, and I hope my paper may lead to a useful discussion. 


(For discussion on this paper see page 469.) 
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THE RIGHTS OF UNDERGROUND 
PUMPING IN RELATION TO FLOW 
OF NEIGHBOURING STREAMS, 
AS INSTANCED BY THE RIVER CRAY. 


By CLAYTON BEADLE, F.C.S. 


ABSTRACT. 


NHE steady depletion of the river Cray during the last twenty years 

is only an example of what is taking place in other districts. As 

very little space is afforded me for discussing this extremely important 

subject, I am compelled to confine my attention entirely to observations 

which have come under my notice, and the evidences afforded me by 
others, in regard to the Cray valley. 

Up to about twenty years ago, the deep pits not far from Orpington 
station, were periodically flooded by the springs bursting. The water not 
only filled these deep pits, but the surplus rushed down the Orpington 
main street to the large pond close to Hodsoll’s mill, which was fed by 
the springs which constituted the source of the river Cray. The cellars 
of many of the houses in the district were flooded. Since that time the 
water has never overflowed from the pits, and these large holes seldom, if 
ever, contain any water at all. The large pond, which was often so full 
as to cover the width of the road, has within recent years steadily 
diminished in volume, and is now little more than a stagnant pond. 

Instances were then quoted of several mills along the river that in 
former years were able to obtain a large amount of power from the stream 
water, but latterly—especially during the last ten years—-there was hardly 
sufficient to be of any practical use. 

As a result of this general state of affairs, the Bromley Rural District 
Council in 1898 petitioned the Local Government Baard to borrow £1,000 
to defray the cost of cleansing the River Cray. The river had become foul 
in consequence of its sluggish flow. It was opposed by some owners on the 
grounds that the cleansing would remove the river bed and cause the 


Cuayron BraDLe. 467 


river to dry up through leakage. I mention this because a clearance of 
the river bed at a time when Messrs. Joynson’s state water was found a foot 
or two from the surface, would not have occasioned leakage of the river. 

The evidence that I have brought forward can be easily corroborated 
by those who have lived in the district, and who have known the river for 
twenty or thirty years. A great deal more evidence might be cited, all 
pointing to the same conclusion. The Cray is practically now, at any rate 
near its source, merely an intermittent stream. 

We have now to consider the cause of this disastrous state of affairs. 

The general opinion, if not the universal opinion, of those who have 
lived in the district and watched the stream for years, is that the Farn- 
borough Pumping Station close to Orpington, and one at Crayford 
belonging to the Kent Water Works, have, by pumping steadily, and in 
an increasing ratio, year by year, deprived the river, the wells, and the 
ponds in the district of their water. It has been argued by those con- 
nected with the Company that by the withdrawal of water 90 feet in the 
chalk the water of the Cray could not be affected. At the same time, 
they account for the disappearance of the river by the rainfall not having 
reached the average. Ido not pretend to be an authority on either of 
these subjects, but I am convinced in my own mind that the pumping both 
at Orpington and Crayford has diminished the flow of the Cray and 
lowered the level of the wells. I think the evidence of those who have 
lived in the neighbourhood is sufficient to prove this. If further evidence 
is wanted, we have only to read through the report of the Royal Com- 
mission on Metropolitan Water Supply in 1893 bearing on the subject of 
the River Cray. Professor Boyd Dawkins states that pumping benefits 
the river by reducing the floods. When questioned on the subject, he was 
forced to admit that if it reduced the floods it must reduce the flow in dry 
seasons, His evidence goes to show, therefore, that the abstraction of 
water by pumping at Orpington must reduce the flow at all times. There 
is more evidence that might be cited if space would permit. Mr. Arthur 
Thomas Waring, J.P., in his evidence before the Royal Commission on 
Water Supply in 1897 stated that, in his opinion, there is not one-fourth 
or one-fifth the water there that ought to be there. 

In order to ascertain whether the deficiency of rainfall is the cause of 
the diminished flow of the river, one must look back among the records 
and find a ten years with an average rainfall corresponding, say, with the 
last ten years; if, during such a period, the state of the river corresponded 
with its present state it might be argued that the deficiency of rainfall is 
the cause. From 1855 to 1864 the average was 22°6; during that period 
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the River Cray had its ordinary complement of water. I know that the 
mills were dependent very largely on water power during that period. If 
such a state of affairs as exists at the present moment, existed at any time 
when the mills were entirely dependent on water power they would have 
been shut down for years. As far as I can ascertain there is no record 
of such a thing, although there are evidences of dry years such as we 
have recently experienced. 

It was stated in the evidence given before the Roya] Commission on 
the Metropolitan Water Supply in 1893, that the average pumping of the 
Kent Water Company in 1891 was 13,534,000 gallons per diem. It was 
estimated that the existing wells could yield 21,000,000, and that by 
additional wells on existing sites a further 7,000,000 could be obtained. 
The estimated quantity would be then 28,000,000, as against 13,534,000— 
more than double. 

The Report of the Committee of 1897 gives the amount pumped at 
the Farnborough station at 24 millions daily, and the Crayford station at 
from 3 to 34 millions. I think I may safely say, that, with the increased 
pumping since that period, the Water Company are now pumping a 
volume of ‘water equal to, if not greater than, the flow of the river before 
they sank their wells. 

Judging from the action the Kent Water Company are now taking in 
regard to the establishment of fresh pumping stations along the Cray 
valley, it is probable that a far greater volume of water will be removed 
from this district before long. By far the greater bulk of this water goes 
to supply other districts, such as London, and much of it possibly to make 
good the deficiencies of other Water Companies in times of drought. 

I have described the state of the Cray valley not for the purpose 
of pleading the cause of that particular district, although I would gladly 
do so if occasion presented itself, but merely as an example of the right 
of underground pumping being exercised to the detriment of a district. 
I trust that this paper will be the means of raising an interesting dis- 
cussion and rousing public opinion on a subject which deserves the 
most serious consideration of this Conference. 
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[This Discussion applies to the three preceding papers by Mr. J. PARRY, 
Dr. E. C. Seaton, and Mr. Cuayton BEaDLe.] 


Mr. Cuaytox Beapue (Sidcup) said that the popular imagination had been 
very much influenced on the subject of ‘ Rainfall in relation to the flow of 
streams.” But he thought that this was a side question which had been very 
much exaggerated. The average rainfall of the last sixty years at Greenwich 
(1841-1890) was 24:17 inches, for the last 10 years (1891-1900) the average 
was 22°21, the deficiency therefore was 1:96, or roughly two inches. One inch 
rainfall per annum is equal to sixty-two gallons of water per diem. Taking the 
area of the Cray Valley available for the Orpington springs as ten square miles, 
the shortage of rainfall could only account for 793,600 gallons per diem. The 
best authorities agree that out of a rainfall of twenty-four inches only about ten 
inches percolates through the soil, or forty per cent. of the whole. The shortage 
of rainfall on this basis would only deprive the river of about 320,000 gallons 
per day, on the assumption that all percolating water reaches the springs, which 
is highly improbable. De Rance in his book (1882 edition) states that the 
spring at Orpington had a flow of three and a half millions of gallons per diem, 
this is about ten times the quantity accountable by the shortage of rainfall. 
The other nine-tenths is somewhere about the quantity as stated in the Royal 
Commission of 1897 that the Kent Water Company are pumping at Orpington. 
The present flow of the Cray at this point to-day is nil. On the base of Prof: 
Boyd Dawkins’ estimate, the whole of the Cray might yield 1,100,000 gallons 
per diem without prejudicing local interest, but according to the Royal Commis- 
sion of 1897, the Kent Water Company were pumping five and a half to six 
million gallons per diem. This is five or six times the quantity which Prof. 
Boyd Dawkins stated might be removed without affecting the interest of the 
district. It seems an extremely unjust thing that private companies can remove 
unlimited supplies of water to the prejudice of a district, and that there is no 
legislation to restrain them in any way. It is to affirm this as a matter of 
principle that he had taken the opportunity afforded him of bringing this subject 
before the notice of the Conference. ; 

Mr. W. Wuitaker (Croydon) said it was necessary to look at both sides of 
these questions. For instance, Mr. Parry arrived at the conclusion with which 
he personally agreed theoretically, namely, that the only thing to do is for the 
authority to buy the whole of the watershed, clearly theoretically that was the 
best course, but in practice there were little financial questions arising which 
made such an operation very difficult. They must recollect that in these matters 
all towns were not Birminghams with large corporations that could afford to 
undertake large schemes. The difficulty as to cost was where communities were 
not blessed with the means of wealthy cities. Then it was necessary to think 
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over other matters, such as protecting the small communities, and, personally, he 
believed that arrangements could be made by which pollution causes could be 
stopped, more or less. Dr. Seaton being an official of the County Council quite 
rightly took the County Council’s view, and spoke of the County Council as being 
the best authority to deal on certain general principles with the question of 
protecting water and preventing waste. The County Councils, he was afraid, 
like all other bodies, were more or less selfish, and they must recollect that the 
County Council did not legislate for the large water-wanting constituencies, the 
County Boroughs, and sometimes there was friction between the two authorities. 
Of course there ougbt not to be this friction, but taking the facts as they found 
them there very often was. He instanced a case in Dr. Seaton’s own county: 
Croydon might want the water from the surrounding country, and the County 
Council of Surrey might see the matter in a different light. If they gave the 
County Councils the control of the water supplies they must remember that after 
all the County Boroughs wanted the water more than other authorities. Then 
Dr. Seaton mentioned another point that they wanted legislation with power to 
promote as well as to oppose bills, for the prevention of waste, ete. Undoubtedly 
there should be power vested in some authority to prevent waste. That was a 
subject not much discussed, but to his mind it was a most important one. The 
amount of waste that goes on in public water supplies, and in private water 
supplies too, he was sure, was enormous. If that waste was prevented he was 
of opinion that a good many water questions would be got over. Now there was 
no objection to the use of any quantity of water, the question was of abuse. If 
the people could use the water properly let them have 30 or 40 gallons a head, 
but do not let them have 20 gallons a head, 5 of which are wasted. Dr. Seaton 
referred to the Sutton case, in which a London Company proposed to sink wells. 
Well, he did not know that it would be right to allow them to do that without 
opposition, but he was inclined to differ from the author of the paper on the 
ground that all the water they would have taken would have gone to those other 
local authorities, or to Sutton. He was not sure that it would. Of course, if a 
water authority derived its water from one particular source it was not right for 
another authority to come to that source unless there seemed to be plenty of 
water for beth, when it did not much matter. With regard to Mr. Beadle’s 
paper he knew that district well, and he would ask if it was not a good thing to 
prevent a needless waste of water which occurred by flooding? His feeling was 
that it was, and if the water which ran to waste in the floods were taken bya 
company and properly used there was nothing to say in the matter. So far as 
taking the water that otherwise flooded cellars, on general grounds he thought it 
was rather a good thing, as that process contributed to the health of a place. 
Surely it was better to use the water rather than to allow it to flood cellars and 
pits. They must look on both sides of this question. Mr. Beadle referred to 
the decrease in the flow of the Cray ever since the pumping at Orpington 
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commenced. Now the flow of a great many other springs where there is no 
pumping has also decreased, and it should be recollected that we had had a 
number of dry seasons, and that there is a general effect all over the Kingdom in 
this matter, not but what the pumping, of course, had affected the flow as well. 
In the case of the Cray it must be remembered that a very large amount of 
water is also taken for private supplies. Then there was the general question 
raised by Mr. Beadle at the end of his paper, when he says that a far greater 
volume of water will be removed from this district before long, and that the 
greater bulk of the water goes to supply other districts such as London, and 
much of it possibly to make good the deficiencies of other Water Companies in 
times of drought. Well, was not that a good object? If one district had more 
water than another ought it not to help the deficient district? At present there 
was an agitation in favour of combined districts, so that one could help the other. 
Was not that the way in which the greatest economy of water supply is likely to 
be arrived at? He thought they should not take tvo parochial a view of this 
question, but endeavour to take a broad general view. What they wanted was 
legislation (he did not mean by Parliament alone, but by the local authorities), 
so that they could get the largest quantity of water for the largest number of 
people with the least damage to anyone. 


Mr. R. H. Wyrint (Swansea), speaking with special reference to the 
protection of watersheds and gathering grounds from which supplies are 
obtained, said his experience showed that there was considerable difficulty 
existing from the fact that the gathering ground is frequently not under 
the control or sanitary jurisdiction of the towns owning the waterworks, and 
although the rural authorities give that supervision to the district which is 
necessary for the health of the inhabitants, yet that inspection falls considerably 
short of what it should be from the waterworks’ point of view—the view of the 
community using the water from the gathering ground. For instance, it might 
not be a serious matter for the rural authority to learn that in a farm miles 
away in the hills there was a case of typhoid, but the fact assumed a much more 
serious complexion from the waterworks’ point of view, especially if that case of 
typhoid fever was on a farm through which the stream passed that supplied the 
reservoir. It would appear desirable that the community owning the waterworks 
should have sanitary jurisdiction over the watersheds with special powers to 
protect the public health. Lacking such an authority, the Swansea Urban 
Sanitary Authority had succeeded in making arrangements for their inspectors 
to be appointed sub-sanitary inspectors, and to report weekly on the condition 
of all farms in the watershed area, and cases of infectious disease were reported 
whenever they might arise by telephone. The present condition of affairs was 
not what it ought to be although with one exception it was efficient. An 
extension of public health powers was desirable, and the most complete form of 
protection was to purchase the watershed; but this might not always be 
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possible, although he was of opinion that farms in gathering grounds should be 
purchased. In some instances it was impossible for farms to carry out such 
irrigation channels as was necessary, and to remove any accumulation of manure 
which might threaten to pollute streams. A farmer might say he was carrying 
out his farm operations in a fit and proper manner, and if it was desired he 
should do more then the public authority should pay him. It was difficult for 
farm operations to be carried out in such a manner as not to pollute the 
gathering grounds. The danger of allowing sheep to graze on the gathering 
ground was cunsiderable. Frequently they died and were found in the streams ; 
then they had to be removed and buried outside the gathering ground. In order 
to obtain proper knowledge and the co-operation of farmers, five shillings was 
paid by his authority for the bodies of such sheep. This worked satisfactorily on 
the whole, although at one time the five shillings was sufficient to attract dying 
sheep from adjacent gathering grounds. He thought water authurities should 
endeavour to obtain the co-operation of farmers in the district, and endeavour to 
get them to see the sanitary importance of at once removing any carcass and 
promptly notifying the reservoir inspector. 


Mr. J. E. Busn (Vice-Chairman, Melksham Urban District Council) said that 
most of the delegates had read the papers with very considerable interest. Those 
papers, as well as the discussion upon them, seemed to point to the desirability of 
representative authorities having the control of the sources and watershed areas 
of public water supplies. The question of pumping at Orpington seemed to be 
only one of the difficulties, or he might say one of the causes, which was 
depleting the supply of the Cray. There were otber.places in the country 
placed in similar circumstances to that stream. Borings for other purposes than 
water supply in watershed areas were calculated to deplete the streams of their 
usual supplies. He agreed with Mr. Whitaker on the subject of the prevention 
of waste and the protection of water supplies from pollution. He maintained 
that by the pumping at these places water which would otherwise run to waste 
in the river, and also become a nuisance in other ways, was prevented from 
being a nuisance, and was turned into a sort of usefulness for the benefit of the 
public at large. If these supplies were in the hands of the County Councils— 
the whole of the supplies in the county—then there would be an authority to 
regulate the output of those water supplies, and the distribution could be better 
maintained than it is at the present time. In the neighbourhood of Melksham 
they had the Trowbridge Water Company, which covered a large area, and up to 
two years ago the medical officers of the district had been unable to certify that 
the district bad an ample supply of water of a good quality. Pressure had been 
brought to bear on the Company, and: the Company had pulled themselves 
together, improved their machinery, added to their wells, and now they had 
what might be termed a fairly satisfactory supply. Even now they had no 
reservoir, aud if their works broke down there was not twenty-four hours’ 
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supply. He mentioned this one instance to show why the water supply 
should be under the control of the local authority, or the authority of the 
county. The Board directing this Company sat at Cambridge. Personally he 
thought there was just as much iniquity—if the expression could be used—in 
making a big profit out of the water supplies by water companies, as there was 
in private owners and other people using the water in order to conduct mercan- 
tile operations. For that reason he was in favour of all watershed areas and 
water supplies being in the hands of a representative authority. 


Mr. W. J. Burcess (Chairman of the Liverpool Water Committee) expressed 
the opinion that the large number of papers sent to the Conference and the large 
attendance indicated plainly that a very considerable interest was being taken in 
the subject dealt with by the Conference. He hoped that it was not too much 
to expect that some real and definite progress would be made as a result of their 
deliberations. He was afraid that it not infrequently happened at meetings of 
that kind that the pious opinions they expressed were attended by very little 
practical result. He trusted that the Conference of the Sanitary Institute 
would be an exception to the rule, and that public opinion would be drawn in an 
emphatic manner to the importance of the subject of the polluting of water 
supplies, on which he hoped every one in the room was perfectly convinced. 
There was no question at all that in a large proportion of villages and towns 
in Great Britain sufficient attention had not been given to the problem of 
preventing the pollution of drinking water. He was afraid that the advantages 
of pure air and outdoor exercise possessed by those who did not happen to live, 
as he and a great many others did, in large towns were to a considerable extent 
neutralized by the foul water which stimulated and promulgated disease. Al- 
though this was perhaps chiefly true of rural districts, he was afraid that some 
large towns had not exercised due care that their water supply should be as far 
as possible above suspicion, both as to the source from which it was derived, and 
also as to the state in which it was delivered into the dwelling houses. At the 
second day’s Conference no doubt they would hear something about filtration, the 
value of which, when properly carried out, he would be the last in the world to 
underrate, because in Liverpool they filtered all the water coming into the city. 
That day, however, they were more concerned with the need of protecting the 
watershed areas and rivers used for the supply of domestic water and the wells 
upon which large parts of the population mainly depended for their supply. It 
might be regarded as beyond doubt that the water drawn from wells, however ex- 
cellent it might be in its natural condition, was always open to suspicion when 
the well was sunk near a house or in close proximity to a sewer. An absolutely 
water-tight sewer, though he spoke with hesitation in the presence of so many 
engineers, might be a possibility, but it was certainly a rarity. He doubted 
whether river supplies were much better than the well supplies when they passed 
towns which were a source of pollution, and he would be a bold man who 
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ventured to say that under such circumstances all trace of pollution could be 
removed. Even the reservoirs of large watershed areas were by no means free 
from danger unless the greatest care was exercised to prevent the watershed 
from pollution. Speaking particularly as to what would be an ideal water 
supply he would say that a supply drawn from the red sandstone or other 
water-bearing rocks might safely be used only when the boring was sufficiently 
far removed from all danger of sewage contamination, and that a river supply 
could never be really satisfactory when considerable populations were on its 
banks between its source and the place it supplied. Watershed areas too were 
not to be regarded as entirely satisfactory, unless they were either owned or 
absolutely controlled as to their sanitary condition by the water authority. A 
catchment area so owned and controlled, where the water itself was of good 
quality, was unquestionably, as Mr. Whitaker said, the most approved of all 
sources of supply. He hoped the time was not far distant when no large town 
would be content with less than such a supply when that supply could by any 
possibility be obtained. Although he might be treading on delicate ground, the 
fact was that the present position of the London water supply was not only a 
standing menance to the health of the inhabitants in the greatest city in the 
world, but it provided less important towns with an excuse for neglecting to 
provide for own needs in the best possible manner. This fact had been 
forcibly impressed upon him last week when he was in a small Irish town, where 
surprise was expressed that proposals for improving the water supply of that 
town should be seriously entertained when the people of London did not hesitate 
to drink indifferent water. Local opinion was that it would ill become the 
inhabitants of a small provincial town of Ireland to be more fastidious than 
those who lived in the greatest metropolis in the world. The fact was, the 
importance of the prevention of pollution would never be satisfactorily recog- 
nised until it was realized that the whole subject was one of a national character, 
and that it was desirable to place the supply of water universally under proper 
control. He was glad to think from the observations made that the Conference 
agreed with him. He was also glad to think that public opinion in these 
matters was being aroused, but there was still a laxity on the part of many 
persons in regard to this question of the purity of the water supply, and the 
contamination of water. As proof of this he quoted circumstances which 
showed that three years ago the Local Government Board were actually prepared 
to sanction a proposal to place an asylum for epileptic lunatics to the number 
of about 2,000 on the margin of a reservoir used to convey water to more than 
a million of people. Only after great persistency on the part of the water 
authority was the situation saved and the sanction withdrawn. Apart from 
villages and country places where there was no special control, 290 water 
authorities out of a total of 627, nearly one-half, were joint-stock companies 
conducted by private enterprise for profit. He hoped it would not be thought 
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fora moment that he did not recognise fully the very great services the water 
companies had rendered to this country. Those companies in England had 
rendered a great service to the State at a time when neither the Imperial 
Government or the local authorities did as much for the health of the people as 
happily they did to-day. Many of them were formed in the public interest, and 
many of them had been worked, not so much for profit as for the benefit of the 
consumers, but the time when the water supplies of Great Britain could be left 
to private enterprise ought to have come to an end. Until this was accomplished 
they would never satisfy the requirements of modern sanitary science, and they 
would never deal efficiently with the great problem of preventing drinking water 
from being polluted. A fair and even liberal price ought to be paid for the 
private interest of a concern, but private monopolies in the most important of all 
necessities for building up the health of the people ought to be terminated once 
and for all. He did not advocate change for the sake of change, but he was 
perfectly convinced that not only as regards administration, but from the point 
of view of sanitary efficiency, it was most desirable that all waterworks should 
be controlled and administered by public bodies representative of and directly 
responsible to the consumers, whose duty it would be not to insure the maximum 
dividend for shareholders, but to supply the water at no profit whatever to those 
who consume it, to see that the purity of the water was unquestioned, that 
the supply was so abundant that it would meet all domestic and trade require- 
ments and sanitary purposes, and to supply for the poorest as well as to the 
richest a constant and unstinted supply of pure water. No greater service could 
be rendered to this country by Members of Parliament than by attempting and 
achieving a solution of this great problem connected with domestic administra- 
tion. He hoped that someone would be determined enough to press this forward 
until the legislature had imposed on every local authority the responsibility of 
providing an abundance of pure water, and since London, being the greatest 
sinner, undoubtedly blocked the way, he would begin with London. 


Mr. Castie (Darfield) referred particularly to the great waste of water in 
colliery districts. Supposing it was an agricultural district which was supplied 
with water from wells, the sinking of a colliery drained every well for an area of 
perhaps three miles in circumference. Then came a large imported population 
of miners—not the cleanest of men—and they would proceed to drink water 
from wells which were more or less contaminated, and he had seen a train of 
people going up to one or two o'clock in the morning with buckets to get their 
supply of water. It was not surprising that such districts were subject to 
epidemics and had the reputation of being unhealthy. The sinking of the shafts 
dried up the wells, and pumped it away to the rivers mixed with soil. This was 
a frequent source of waste. With reference to the Cray River he thought that 
those places which drew large supplies of water from another district, should, as 
a first charge, supply that district from which the water was taken. If this was 
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brought forward as part of legislation he thought it would do away with 
complaints that had been made. It was quite true that larger communities 
deserved the water supply chiefly, but those people living on the spot should 
have their water first. 


Mr. J. Srppatts (Borough Engineer, Tiverton) said that the subject of the 
Conference was one of the most interesting which could possibly be brought before 
civil engineers, and at the same time it was of the greatest importance to the 
whole community. Unfortunately under present arrangements, chiefly legisla- 
tive, the interests that were involved in the question were sharply divided 
between the large urban populations, and the small urban populations of the 
country. Judging from the speeches made, that Conference would appear to be 
largely composed of representatives of the former class. He was there to 
represent the views and interests of the smaller communities, and had attended 
in the hope of eliciting information and obtaining educational knowledge. To him 
it appeared that what was wanted was further legislation. That was not a very 
popular cry, but if ever there was a subject which had been neglected in the past 
half century, that subject was the water supply of the country. What was 
needed, in his opinion, was a new authority, or, that largely increased powers 
should be given to the Local Government Board and to the County Councils to 
deal more closely with this important subject. It might be said that the larger 
urban districts would not be very well served by the County Councils in this 
matter. Possibly they would not, and therefore it appeared to be absolutely 
necessary that the Local Government Board should have a very large amount of 
control. In regard to the rural and small urban districts, it was absolutely 
essential that their interests should be safeguarded by the County Council. 
There was plenty of water in England for ten times the present population. To 
take his own county of Devon for instance, they had plenty of water there for all 
their purposes, and they might have some to supply others outside, but it was 
their duty to see that their own wants were supplied before people took the 
water out of their own county, and therefore the watchword and cry was 
“Dartmoor for Devon.” He knew many Londoners were casting longing eyes 
at Dartmoor. Mr. Parry had laid down the dictum that the collecting area 
must be owned by the authority responsible for the waterworks. This seemed 
to him, in many cases, almost an impossibility. He also recommended that the 
gathering ground should be left absolutely barren and uncultivated. This might 
be done in the case of the large towns, but it was a most difficult problem for 
the small towns. They had usually to get their water near at hand, and from 
highly cultivated land, while the large towns generally got their water from the 
moorlands, and the question was by no means a simple one for the smaller towns. 
Mr. Parry suggested that the gathering ground might be used for sheep farming 
and other purposes, but it was not always the case that sheep farming would pay. 
In small communities the financial question entered very largely into the concep- 
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tion of measures of sanitary reform. The only practical remedy in many cases 
was to take things as they found them; protect the water as much as they could 
and filter it. The question of protection was very important. Frequently the 
gathering ground was outside the limits of the district supplied by the water. 
In small urban districts this was often the case, and he had an instance in mind 
where every drop of water used by a small important town was gathered outside 
their area, and how that was to be controlled he did not see. There did seem to 
be one opportunity for doing this, however, and it was hinted at in the paper by 
Dr. Seaton, viz., that the term “nuisance,” as dangerous or injurious to public 
health, should be so extended as definitely and certainly to include those 
pollutions of water supply, even though they occurred outside the district 
supplied. There should be some practical outcome of a meeting of that sort. 
In concluding, Mr. Siddalls referred to the gradual shrinkage of the water 
supplies in this country, speaking more especially of the summer supplies, 
and this he attributed to the persistent draining of the uplands during 
the last forty or fifty years. Farms situated on boggy, spongy land had been 
drained, and supplies coming down in the spring-time were speedily run away 
into the rivers and were lost. He knew of a town whose usual water supply 
was 300,000 gallons per day, but if the moorland from which it was supplied 
was drained it would be reduced to some 50,000 gallons per day, which would be 
ruin to the town’s water supply. He thought if the whole matter of the control 
of the water supply of this country were placed in the hands of a central 
authority, such things as this might be dealt with and prevented. The resolu- 
tion he desired to submit to the meeting was “That in the opinion of this 
meeting it is desirable, in the interests of the Kingdom, that County Councils 
should have large powers of supervision and control in respect of the question 
of water supply in their respective county areas.” 


Tus CrarrMan pointed out that resolutions passed at this Conference would 
be laid before the Council of the Sanitary Institute. 


Mr. W. J. Freer (Clerk to the Leicestershire County Council) pointed out 
that he had served on Mr. Halsey’s Committee appointed by the County Councils’ 
Association, who considered the question of the water supply and control. He 
was pleased to find that Dr. Seaton thoroughly endorsed the action taken by that 
Association. With regard to the effective action of the County Council of 
Surrey in certain cases, Dr. Seaton says, “‘that much may be done by means at 
present available, but a scheme of a more comprehensive character is required 
for dealing systematically with the interests involved, and for placing limits 
under certain conditions on the rights of landowners in underground water.” 
The Sub-committee appointed by the County Councils’ Association drafted a Bill 
more for the purpose of putting together the views of the Committee on the 
point of water control, and not necessarily to settle a hard and fast scheme. 
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It was a permissive Bill, and it provided for the Local Government Board's 
sanction before any Water Board could be constituted. It provided that the 
Council of any County or County Borough (the County Councils were most 
anxious to work together with the County Boroughs in this matter) might apply 
to the Local Government Board, and the Board might after local enquiry, if they 
saw fit, by a provisional Order constitute a water authority for the areas specified. 
This matter occupied the Committee for a very considerable time, and it was felt 
to be desirable that water areas should be protected, and that the people in those 
areas should have a right to see that their water was not altogether taken away 
by a district a longer distance off; but that there ought to be some compre- 
hensive authority appointed to deal with the watershed area. He ventured to 
think if something of this sort could be done it would be of very great advantage 
in protecting the water supplies. The Bill also proposed to deal with under- 
ground water, namely, that underground water should not be taken away except 
by the person owning the ground for his own purposes, and not to be taken 
away outside the area without the consent of the water authority. The Bill 
also dealt with the question of pumping, to prevent the enormous waste of water 
from this cause: and with the questions of river pollution and flood prevention. 
In the latter case, of flood prevention, the Bill was purely permissive, and would 
enable County Councils and other smaller authorities to remove obstructions in 
the rivers by voluntary arrangement, and not by compulsory powers. This 
would be most advantageous, he ventured to say, in many cases. He asked the 
County, the Borough, the Urban and the Rural authorities to do what they 
could to consider this large question as to the future establishment of water 
authorities for watershed or other areas. 


Mr. T. Reaper Samir (Kettering) remarked that representing one of the 
smaller towns, he could say that the water supply was as of much importance to 
them relatively as to the larger towns. There was simply one question, and that 
was the protection of the water area, and he would give one or two facts to 
show how it would work in the case of a smaller town. Of course, as had been 
said in the case of the larger towns with large means who could get their water 
supplies from a distance the difficulty was not so great; but in the case of 4 
town like Kettering, with a population of 30,000 people, and a rateable value of 
£100,000, the matter was very different. In 1899 they had a Bill to purchase 
the waterworks which cost £150,000. This year they had another Bill pro- 
viding for the extension of the waterworks which would cost another £100,000, 
so that the total cost of their waterworks would be a quarter of a million 
sterling. The area from which they obtained their water would be about 4,300 
acres. That land was all agricultural land, with something like fifteen or twenty 
farms and other dwellings on it, in addition to which it was valuable for iron 
stone working. Now, if they had to purchase that 4,300 acres, he would like 
to know what chance they had of getting water at a reasonable price. It seemed 
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to him that they could not do it, and that they would have to look elsewhere to 
get some sort of control over the area. They bad tried to do this first in the Bill 
of 1898, but then they were not allowed to have a clause giving any sort of 
control over the area beyond the ordinary clause in the general Water Acts. 
This year they were successful in getting such a clause, which gave them power 
to make bye-laws to control to a certain extent the sanitary condition of that 
area. This enabled them to make bye-laws, and put them in force with the 
consent of the local authority of the district in which the area may lie, or if that 
consent is unreasonably witheld, then with the consent of the Local Government 
Board. The small towns occupied a very different position to the large towns, 
which could get their water a long way off, where the land was comparatively 
worthless. 


Mr. W. Verney (L.C.C.) said he had attended as a humble member of the 
important body against which a great deal had been said because they did not 
supply an abundance of pure water, and be thought that a great deal of what 
had been said had been justly said against them; but it was also true that a 
great deal might be justly said for them. The London County Council had to 
deal with existing supplies of water. They did not come upon the scene with a 
blank sheet or a blank country from which they could draw an adequate supply 
of water; they came upon the scene with eight Companies to deal with, and 
with enormous vested interests to consider, and any attempt made by their body 
to do anything which could be twisted into a confiscation of the property of 
Water Company shareholders would directly raise hostility against them, and it 
would be impossible to proceed with any improved water supply. Now with 
these difficulties to overcome, what had been the action of the London County 
Council? He hoped it was known to most of them that year after year they 
had impressed upon the Local Government Board and Members of Parliament 
the absolute necessity for supplying London with pure water from a pure source, 
and that not only for to-day or to-morrow, but for thirty or forty years to come. 
All of them were aware of the fact that any scheme for supplying London with 
water, which did not take into account the necessity for an increasing supply 
during the next thirty or forty years, would not be a scheme which would 
commend itself to the London public. But what did that involve? It meant 
that they would have to supply a population of no less than twelve to fourteen 
millions of people, and that was not a small undertaking. There were a great 
many of them who believed that Mr. Bateman was right when in the early 
sixties he propounded a theory that no water area could be found sufficient for 
the people of London anywhere nearer than the mountains of Wales. That was 
the firm belief of many members of the London County Council, who had taken 
a deeper interest in this question than had ever before been taken by any public 
body. Whether that theory was right or not he was not there to state, because 
he did not feel that any person who had not studied the subject for many years 
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and made himself thoroughly acquainted with it had any right to have an opinion 
thereon. Now the present area from which London obtained its water wus an 
area becoming more and more tainted every year from two causes: one was the 
enormous increase of population on that area, and the other cause was the 
growth of high-class farming. Millions of tons of manure are sent from London 
to be spread out on the land of that water-bearing area, and London takes the 
water from that country so manured, and the filth was filtered and the people 
of London drink it. Now that was the bare fact and no one could deny it. 
The filtration of the water supply of London is done on a magnificent scale. 
It was done with the utmost possible care, and they all bad common sense 
enough to know that unless that care was taken the people of London would be 
in danger of being poisoned; but this was not a satisfactory state of things for 
the greatest, the richest, and in every respect, let them hope, one of the most 
civilized cities in the world. It was a positive shame to London that Londoners 
should sit down under such an infliction as that, and that the force of public 
opinion did not compel them to go to some pure source for their drinking water, 
to the high mountains of Wales or to Dartmoor. Let them insist upon having 
& pure supply from an area not tainted as the present area was. London 
depended for its daily health upon filtration. If they were to, take the water as 
supplied to London and drink it unfiltered, the chances are that before a week was 
out there would be an epidemic in London. This was an unsatisfactory state of 
things, and he did hope that the Conference would speak with a united voice 
that London ought to set an example to the whole of the country in obtaining a 
pure water supply, and an adequate water supply. He should go back from that 
Conference to the London County Council more than ever convinced that the 
duties of the members of that Council—one of their chief duties—was to try to 
get this state of things remedied, and for London to be put, in the matter of 
health, cleanliness, and civilization, on the level, say, of the Rome of more than 
1,000 years ago. 


Tue CHAIRMAN said the question of the London water supply was a contro- 
versial one, and time would not permit of its discussion as it was not before the 
Conference. 


A Detxcarn agreed it was undesirable that such a controversial subject 
should be introduced or voted upon, but he did wish to protest, against the 
statement of one speaker that a river supply was a bad supply, and to the 
general gtatement that a supply derived from the River Thames was an in- 
different one. The fact which answered the whole question was the health of 
London. 


Mr. RB. E. Mippieron (London), who was unable to attend the Conference, 
sent the following remerks upon Dr. E. C. Seaton’s and Mr. Clayton Beadle’s 
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papers :—The protection of underground water supplies in the sense of reserving 
these supplies for the population of a particular district within the catchment 
area from which the water is to be drawn does not commend itself to reason, nor 
is it just. Up to the capacity of the area of supply the water should be used, 
not as belonging to a County, Union, or Parish, but as water available for the 
whole of the population within the catchment area. It is more difficult to define 
the boundaries of underground catchment areas than of those which are above 
ground, but it can be done, and will, I have no doubt, be done in time. For the 
present it would be sufficient for practical purposes that the underground area 
should be taken as being identical with that above ground. The conservation of 
catchment areas should, in my opinion, be placed in the hands of trustees, who 
might very properly be chosen from the Councils of the Counties interested in 
the whole area, with this proviso: “That the proportion of representation for 
the lower district should be greater than for that at a higher level,” because, 
while the abstraction of water, whether by taking it from a stream or by pumping 
it from underground sources may injure those below, no water taken at the lower 
level can in any way affect those above. If the district under consideration is 
provided with more water than it can use, it should afford means of supply to its 
poorer neighbours, even though they are located in another catchment area and 
at a distance. Whatever records are kept should be easily accessible to the 
public. As stated by the author of the paper, events have shown that under- 
ground water of the highest purity may become suddenly fouled, and is then 
more dangerous than water exposed to the air. For this reason the use of 
wasting cesspits in proximity to wells is to be deprecated, as is any other source 
of probable contamination, but the proportion of the danger ought also to be 
considered, and it should be remembered that the underground water like that 
above ground is travelling in a given direction, and contamination above the 
well is more dangerous than below it. Mr. Beadle’s remarks on the alleged 
depletion of the River Cray are both interesting and instructive, but I beg to 
suggest that there is more to be said for the supposition that the disappearance 
of the river is due to the rainfall not having reached the average than he seems 
to think probable, and that reference to the power exerted at any mill, over a 
period which cannot be taken at less than thirty-six years, if it is to afford any 
true test, cannot be relied on. The memory of man is a somewhat uncertain 
quantity, especially when called upon to exert itself over so long a period as 
thirty-six years, and there is always a tendency to magnify the past at the 
expense of the present. I cannot speak of the Valley of the Cray with the same 
confidence with which I can refer to other parts of the chalk area, but I think I 
am right in saying that nothing was heard of any alleged depletion of the River 
Cray until about the year 1890, or eleven years ago, since which date the 
Orpington Springs have been reduced in volume or have ceased to flow. A 
reference to the records of rainfall observed at Greenwich, commencing in 1815 
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and terminating in 1900, shows that the average rainfall for that period of 
eighty-five years has been 24:07 inches. Omitting the period from 1815 to 1864 
the average rainfall for the next eighteen years, from 1865 to 1883, is found to 
be 26°03 or 1°96 inches above the average, while for the following seventeen 
years, from 1883 to 1900, it is 21°36 inches or 2°71 inches below the average of 
24:07 inches. The drainage area of the River Cray is 53:2 square miles, 
therefore during the years from 1865 to 1883 there was an excess of 4,161,000 
gallons a day for eighteen years, while during the last seventeen years there has 
been a deficiency of rainfall equal to 5,767,000 gallons a day, the difference 
between the two periods is equal to nearly 9,000,000 gallons a day. During the 
eighteen years from 1865 to 1883 there were six years during which the rainfall 
was less than the average, the deficiency being at the rate of 4°04 inches per 
annum, during the remaining twelve years the excess was therefore 6°63 inches 
perannum. The greatest excess was 11:25 inches. During the seventeen years 
from 1883 to 1900 there were twelve years during which the rainfall was less than 
the average, the deficiency being at the rate of 3°03 inches per annum, there was 
one year of average rainfall and four years during which the greatest excess was 
3°49 inches, and the average 1°85 inches. Taking the average rainfall to be 26-00, 
it will be more than the 24-07 inches referred to above, the average flow of the 
Cray would be about 21,000,000 gallons a day, the difference between the 
eighteen years between 1865 and 1883 and the seventeen following years would 
be about 42 per cent. of the average flow. Following the above calculations it 
does not appear to be necessary to look further than the seasonal changes to 
account fer a very marked falling off in the flow of the River Cray, and as deep 
wells in the higher levels of the chalk frequently fluctuate 80 feet and more 
between times of drought and of heavy rainfall, it is obvious that the subterranean 
water must have been at a low level for the greater part of seventeen years, that 
during that time there has been no excessive rainfall to raise it above the surface 
of the ground, even for a short period, it is not to be wondered at therefore that 
the Orpington Springs have not overflowed. 
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RAINFALIL AND POPULATION OF 
ENGLAND AND WALES IN RELATION 
TO WATER SUPPLIES. 


By HUGH ROBERT MILL, D.Sc., LL.D. 


Of the British Rainfall Organization. 


HE practical importance of rainfall in relation to water supply is so 
great, and has been recognised so clearly, that novelty in treating 
the subject is hardly to be expected. But the importance of the matter 
is growing and the conditions are changing from year to year, so that no 
excuse is needed for bringing it forward again in a conference of practical 
men. We must remember that the difficulties of obtaining increasing 
quantities of pure water for the supply of growing populations are not 
diminishing, but, on the contrary, are becoming greater as time goes on; 
and it is more necessary than ever to collect for our guidance the 
experience of the men who have been grappling with the various forms 
of the problem which are presented in different parts of the country. 

My point of view in this paper is that of the physical geographer, 
endeavouring by the co-ordination of existing knowledge to ascertain and 
express the principles governing the relation of rainfall to the demand for 
water, with a view to indicating in what directions additional information 
should be sought and precautions taken in order to avert the possibility 
of a water-famine in any part of the country. While confining our 
attention to the region which most nearly concerns the present conference 
—England and Wales—it may help to give clearness to our views if we 
recall some facts of general application. 

The deep layer of water which covers the greater part of the solid 
Earth differs from the air which surrounds the whole, and from the rock 
which supports it, by the facility with which it changes its physical state. 
The heat of the sun acting upon the surface of the ocean or other exposed 
waters (collectively known as the hydrosphere) acts like a furnace on a 
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boiler, evaporating the water and converting it into invisible vapour, 
which mixes with and forms part of the atmosphere. The cold of the 
upper air, on the other hand, acts like a great condenser, reducing the 
vapour to the solid form as snow, or to the liquid form as rain; and the 
sloping surfaces of the solid land (or lithosphere) are like the pipes 
which convey the fresh water back into the boiler, to be converted once 
more into steam. Thus we may say with perfect truth that all fresh 
water is rain, and we may look upon the process of evaporation and 
condensation as one of purification, freeing the water from all foreign 
substances dissolved by running over or percolating through soil or rock. 

The proposition that all fresh water is rain was not always held to be 
true, and there are still some scientific men who affirm the old theory 
of Aristotle—in part, at least—that sea-water, rising in the rocks by 
capillary attraction, by some unexplained chemical change loses almost 
all its salt, and becomes spring-water. This theory is, in my opinion, 
without any scientific support, and need not be considered seriously. 

The mechanism of the condensation of aqueous vapour into rain is not 
yet fully understood, but the following facts do not admit of doubt. In 
the case of a mountain barrier rising above the snow line of its latitude 
and facing a prevailing wind, the whole of the available moisture brought 
by the wind will be condensed as rain on the lower slopes, or as snow on 
the higher, and the wind on crossing the range will proceed over the land 
as a drying wind from which no more rain can be condensed. The wind- 
ward slopes of such mountains are very wet, or have a low snow-line, the 
leeward very dry, with the snow-line at a much higher elevation. Hills, 
however, act differently. On blowing up the side of a hill, or of a 
mountain not reaching to the snow-line, moisture is precipitated on the 
windward side to a considerable extent, but the moving air continues to 
ascend in virtue of its inertia after passing the summit of the hill, and in 
the greater cold encountered at the greater height the maximum precipita- 
tion is produced over the leeward slope of the hill, or it may be on the 
plain beyond. The exact relation of wind and land slope has yet to be 
worked out, but the broad fact is undeniable, and it is a fact of very 
great practical importance. 

In some parts of the world, e. g., the coast deserts of Chile “ad Peru, 
there is no rainfall, and consequently the water supply of the towns has 
to be obtained from the sea by artificial distillation ; but these regions are 
of inconsiderable size, and it is a safe general proposition that water supply 
depends on the natural condensation of water vapour in the atmosphere. 
Where lofty mountains accumulate a great store of snow, the melting of 
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the margins of the snowfields, or of the glaciers which descend from them, 
may be sufficient to ensure a continuous supply of running water even in 
the driest seasons; in fact, in hot countries watered by snow-fed streams, 
we may even find the paradox that the rivers grow fuller as the weather 
becomes drier and hotter. 

Tn this country, however, snow storage does not become an important 
factor, and we may consider all the precipitation as if it occurred in the 
form of rain. This rain is brought mainly by the prevailing south- 
westerly winds; it is condensed mainly over the higher lands, which in 
England and Wales rise to the west of the central meridian of the country. 
It runs off rapidly down the steep slopes of bare impervious rock, slowly 
over the gentler slopes of soil, and sinks into the outcrops of permeable 
strata from which it may emerge in the form of springs, or remain stored 
deep underground as a supply that can be tapped by deep wells. 

Rain is the life blood of every country, and all the conditions determin- 
ing its distribution over the land and its subsequent fate demand the most 
careful study. The British Government has supplied by the wise 
expenditure of public money the fullest information as to the configura- 
tion and the geological nature of the country. Our ordnance and 
geological maps are the best of their kind and meet almost all require- 
ments, and it is a pleasure for once to address a section of the British 
public which knows, uses, and values these maps, of the existence or 
utility of which most of our fellow-countrymen seem still ignorant. 
Public money has also provided through the Meteorological Office a 
satisfactory knowledge of the prevailing winds, and a fair approximation 
to the law of the storms affecting our islands; and possibly some day 
the increasing knowledge of meteorological and geographical laws may 
enable one to construct a map of the theoretical distribution of rainfall 
by @ priori reasoning from such data. That time has not yet come and 
the local variations of rainfall are so numerous and imperfectly understood 
that the actual distribution can only be ascertained by accurate and 
long-continued measurements. The stations maintained by the Meteoro- 
logical Council, while sufficient for the purpose of supplying storm warn- 
ings and weather predictions, are not nearly numerous enough to give a 
fair idea of the distribution of rainfall. Nor are the more thickly planted 
stations of the Royal Meteorological Society, which has done and is still 
doing splendid work on the climatology of the British Islands, sufficient 
for this purpose. In most countries a special Rainfall Service, with 
numerous observing stations, is maintained by Government if it is 
carried out at all; but we alone amongst the nations of the world 
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have acquired the habit of doing work of national importance by private 
initiative and voluntary association. No better instance of such a work 
exists than the British Rainfall Organization, created by the late Mr. 
G. J. Symons. He devoted his whole life to the task, and at the 
time of his death he had succeeded in raising the number of complete 
annual records of rainfall in the British Islands to 3,500, a number 
unapproached in any other country, yet not one too many for the pur- 
pose. The records brought together by Mr. Symons were discussed 
and elaborated by him in the thirty-nine annual volumes of British 
Rainfall and the four hundred and nine monthly numbers of his Meteoro- 
logical Magazine which he lived to publish; but the magnitude and value 
of his work, both scientific and applied, are too well known to require 
further notice. Mr. Symons never failed to acknowledge and to insist 
upon the fact that his work would have been impossible but for the cordial 
co-operation of the thousands interested in scientific observations or 
impressed with the practical importance of the study of rainfall. It 
is a matter of great satisfaction to his successors that the observers 
organised by Mr. Symons continue to carry on their self-imposed labours 
and will not allow the Organization to lapse although deprived of its 
founder. 

The task of combining the records of the past forty years so as to give 
a map of the normal distribution of annual rainfall over the whole country 
has not yet been completed, but the question has been sufficiently studied 
to show that as regards England and Wales the main features of the map 
compiled by Mr. Symons for the Rivers Pollution Commission in 1867 will 
not be greatly altered on the scale upon which it was published. There 
will, of course, be many minor modifications of importance for particular 
localities, but looked at largely the map holds good. 

The map shows that, with the exception of the North Yorkshire Wolds 
and a small area on the Chiltern Hills, the rainfall is under 25 inches over 
the whole of the east of England, included between a line drawn from 
Shields to Reading (roughly in 14° W.), and a line drawn from Reading 
to Margate (roughly 514° N.). This area of low rainfall measures about 
20,000 square miles; it is almost entirely composed of low-lying land built 
up of Secondary or Tertiary rocks, and forming a series of plains and 
scarped slopes with the edges of the escarpments running in a curve from 
south-west to north. This region contains, except London, few towns 
exceeding 100,000 in population, and the small towns and villages are 
grouped with a remarkable relationship to the geological character of the 
land. Thus, where the chalk or the limestone strata of the Oolitic series 
come to the surface their outcrops are almost uninhabited, but where beds 
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of clay or of sandstone border the calcareous outcrops, strings of villages 
and small towns are arranged parallel to the strike of the strata. 

Mr. Bosse’s beautiful population map, published in Bartholomew’s 
Roval Atlas of England and Wales, shows that bands of dense and light 
population run through this area in close agreement with the geological 
boundaries. The region of light rainfall contains some of the best and 
most highly farmed land in the British Islands, and except for the clay- 
covered slopes of the Wolds and Moors in the East and North Ridings, 
it is on this account rarely suited for the collection of a water supply 
from the surface. It is frequently possible to obtain supplies from deep 
wells fed by the rainfall that finds its way through the numerous out- 
cropping beds of porous rock. The rivers taking their rise in wetter parts 
of the country to the west are also a common source of supply; in my 
opinion an undesirable source, since the river that “waters” a country also 
“drains” it. The remoteness of the greater part of this region from the 
region of heavy rainfall, makes it hopeless to consider the introduction of 
water from a great distance, except in such an abnormal massing of 
population as occurs in London, where the urgency and magnitude of the 
demand justify exceptional expenditure. 

The rainfall over the centre of England is also under the average for 
the country, ranging from 25 to 30 inches. This portion, measuring about 
17,000 square miles, includes the Yorkshire Wolds, a strip from 10 to 20 
miles wide bordering the dry Eastern area, and the plain and hilly region 
stretching from the Mersey to the Bristol Channel. It includes a large 
proportion of fairly elevated but generally level or undulating land, ranging 
through the whole geological series from the Chalk to the Silurian, and its 
character is so diverse that it cannot well be treated in a general way. 
The southern part is thinly peopled, and in the main, dependent for its 
water supply on wells; the central and northern parts carry an extremely 
dense population, including many large manufacturing towns, amongst 
them Birmingham, which is preparing to obtain its water supply from the 
rainy regions of the West. 

A rainfall of from 30 to 40 inches prevails over about 11,000 square 
miles, along a thinly peopled belt of the south coast of England, the line 
of the Mendip and Cotswold Hills, the east-of Wales, and also over the 
eastern slopes of the Pennine Chain, where the valleys are thronged by 
a dense industrial population (although the intervening moorlands are 
without villages and in most parts uncultivated), as well as south of the 
Pennines, in the south of Lancashire, and in parts of Cheshire, Stafford, 
and Derby, which collectively form the most densely peopled part cf all 
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England. The land subject to rainfall of this degree of intensity is usually 
steeply inclined and fairly high in the thickly peopled part, and since the 
population is massed in the valleys or on the bordering plains, the configu- 
ration lends itself to the impounding of surface water in reservoirs and the 
supply of towns from the high ground immediately surrounding them. 
But the growth of population in such centres as Liverpool and Manchester 
is so rapid, and the demand for water so great, that they have been forced 
to go far afield into the wettest districts for their supply. 

The wettest districts consist of nearly 4,000 square miles with a rainfall 
exceeding 50 inches, rising in several small areas to over 100 inches, and 
surrounded by about 6,430 square miles in which the rainfall exceeds 40 
inches. The regions with a rainfall of 40 inches or over, lie to the west 
of the meridian of 2° W., which marks the central line of England and 
Wales, and they are three in number, corresponding to the three promi- 
nent projections of high land on the west coast—the English Lake 
District with the western edge of the Pennines, western Wales, and the 
peninsula of Cornwall and Devon. The greater part of each of these 
areas is practically uninhabited ; they are all mountainous or hilly districts 
formed of the most ancient, hardest, and least permeable rocks in the 
whole geological series. The numerous valleys which cut up and give 
access to all parts of the mountainous groups are usually coated thickly 
with impermeable boulder clay, or in the case of the Devon-Cornwall 
peninsula to which the glacial episode in geological history did not extend, 
with the no less impermeable clay resulting from the weathering of granite. 

More than this, the Welsh and Cumbrian mountain valleys contain a 
remarkable number of lake-basins at various elevations above the sea, some 
intact and filled with fresh water, others silted up or breached and empty, 
but capable of being restored to their function as reservoirs—a feat 
which has been accomplished in the case of Lake Vyrnwy. It is only in 
these regions—Wales and the Lake District—that we find all the great 
desiderata brought together—high land facing a prevailing sea wind, a 
consequent rainfall equalled in few parts of Europe, bare and impermeable 
rocks giving a quick run-off of pure water in the higher ground, absence of 
population and agriculture, ensuring freedom from pollution or local 
demand, and many vast lake-reservoirs or favourable sites for constructing 
them. 

The distribution of rural population in lowland England has been 
shown by several writers, particularly by Topley* and Chisholmf, to be 


*“ Health Exhibition Literature. Vol. 8. Health in relation to Civic Life,” p. 373, 
London: Clowes. 1884. 
t Geographical Journal. Vol. 9 (1897), p. 76; Vol. 10 (1897), p. 511. 


490 Rainfall and Population in relation to Water Supplies. 


largely influenced by the facility of obtaining a water supply from springs 
or shallow wells. The wells, in fact, were the chief causes of the growth 
of country villages. The concentration of population in industrial areas 
has had the effect of bringing the densest population of the country to 
the coal-fields; and from the position of the outcrops of the coal-measures 
in England and Wales, the chief coal-fields lie close to the lower slopes 
of the mountainous regions of ancient rocks which occupy the greater 
part of Wales, the Pennine Chain, and the Lake District: being thus 
in the most favourable position for obtaining a supply of water by 
gravitation from mountain or moorland gathering grounds in the area of 
heaviest rainfall. 

The average rainfall of the whole of England and Wales is probably 
about 33 or 34 inches per annum. The present population of England and 
Wales, as ascertained by’ the Census of 1901, is, in round numbers, 
32,500,000, and as the acreage is 37,000,000 the density is something less 
than one per acre. The fall of one inch of rain per annum on one acre is 
equal to 62 gallons per day; hence it appears that the collection of one inch 
of rain per annum, or less than one-thirtieth of the average fall, would 
supply 70 gallons of water per head daily. We know that the population 
has almost exactly doubled since 1851, and its present rate of increase is 
12 per cent. in ten years, or 1-2 per cent. per annum. From considerations 
other than that of water supply I believe that the maximum population 
which the country can support will not very greatly exceed twice the 
present number, and even that would allow a supply of 35 gallons per 
head from one-thirtieth of the total rainfall. 

These figures seem to show that there is no cause for anxiety as to 
the future of our water supply, and as a matter of fact I believe that we 
have rain enough to satisfy all the demands that are ever likely to be 
made upon it. But averages are never more deceitful than when used 
in such discussions. We have to remember that average-rainfall years 
rarely occur, and that it is necessary to provide for exceptionally dry 
years, perhaps several consecutively. The exhaustive paper on “Mean 
or Average Rainfall,” by Sir Alexander Binnie*, shows, from the con- 
sideration of long-period rain records in all parts of the world, that the 
extreme fluctuations of rainfall bear a certain ratio to the average which 
may be taken as a basis for practical calculations everywhere, the ratio 
being 151 for the wettest year and 60 for the driest, where the average 
is 100, a result very close indeed to that found by Mr. Symons for the 


* Min. Proce. Inst.C.E., Vol. 109 (1891-92), Part 3. 
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British Isles alone. We must remember also that the demand for water 
is increasing much more rapidly than the mere increase in population 
would suggest, and that the increase in population acts by restricting 
the available areas of uncontaminated gathering grounds as well as by the 
consumption of a larger amount of water. 

The increase in the legitimate use of water is in many places taxing the 
available sources of supply. The fitting of baths in houses is becoming 
a common necessity instead of an occasional luxury; the change from 
more primitive systems to improved water-closets multiplies the demand 
enormously. The general adoption of water-carriage for sewage, the in- 
creasing practice of not only watering the streets in towns to lay dust, 
but of cleansing them by sluicing from hydrants or water-carts at night, 
the growth of industries consuming large quantities of pure water, all 
tend to enhance the demand and so make the future rate of increase a 
matter of interest if not yet of anxiety. Added to this there is evidence 
of a decided tendency to revert to the use of water-power, which through 
the mediation of electricity promises to be of wider application in the 
immediate future than it has ever been in the past. 

But the most serious question to consider is the increasing stringency 
with which the purity of the supply of water has to be safeguarded. Since 
the remarkable power of a polluted water supply for the dissemination of 
disease has been recognised, steps have to be taken to secure pure water 
by going to a source beyond the reach of contamination by sewage or 
manures, and to safeguard it further by filtration or other treatment. 

When we remember that population is not only increasing in number 
but also shifting in distribution, we come to another element of present 
interest and possible future anxiety for water supply. The last census 
has shown that (notwithstanding the general increase) in six counties the 
population was practically stationary, and in no less than twelve counties 
there was an appreciable loss of population between 1891 and 1901, in 
some cases as much as 5 per cent. Other counties have increased their 
population greatly during ten years: Glamorgan, for instance, by 28°5 
per cent, and Northumberland, Worcester, Derby, and Nottingham, all 
by over 18 per cent. The counties immediately surrounding London are 
so phenomenal in their increase that they must be considered apart. Thus, 
although the County of London itself only increased by 7:3 per cent. in 
the last ten years, Middlesex increased by 46 per cent., Essex by 41 per 
cent., and Surrey by 24 per cent. This indicates a tendency towards 
concentration in particular areas, some, such as Glamorgan, Northumber- 
land and Derby, well situated for obtaining an abundant water supply, 
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but others, such as the neighbourhood of London, so situated as to arouse 
very serious anxiety as to the future. The concentration of population in 
large towns, other than London, is not included in these estimates, and 
forms by far the most disquieting element in the general redistribution of 
the people which is now in progress. 

The present dearth of water in Manchester and the other large towns 
of the North of England is the result of a succession of unusually dry 
months, but such a dry period has happened before and should be taken 
into account in planning reservoirs or aqueducts. If there had been a 
double or triple pipe-line from Thirlmere the Manchester supply would 
probably have been sufficient for the demand last month, and the fact 
that the supply had to be restricted is only an incident due to works, the 
necessity of which is understood, being still unfinished. 

The question of the possibility of obtaining supplies is not in doubt at 
all, but in many localities the cost of keeping pace with the requirements 
will undoubtedly be great, and might in certain circumstances become 
prohibitive. ILence it seems right to sound a note of warning, and to 
direct general attention to questions of economy that have long received 
the attention of engineers and of students of the larger geography of the 
present day, but which have not yet been brought home to the public at 
large. As the mustard manufacturer is said to have declared that it 
was not the mustard we used but the mustard we wasted that made his 
fortune, so it may be argued that it is not the water we use but the 
water we waste which gives cause for anxiety. I would urge most 
strongly that whatever methods of economy are recommended, the 
diminution of the amount of water used for washing, bathing, and even 
for drinking, should never be suggested or countenanced. For years to 
come the prevention of waste will be the most important of all economies, 
and to prevention of waste by the regulation and inspection of fittings, 
and the education of consumers, I look for the chief protection against 
water famines. No doubt the supplies in most places must be increased, 
and in many there is great need for a-larger and more constant supply 
which must be seen to. Money which reduces the death rate and raises 
the standard of health is money well spent, although the benefits conferred 
by it cannot always be reduced to that lowest common denominator £ s. d. 

At present there remain nearly 4,000 square miles of totally un- 
inhabited land in large connected areas in England and Wales, of which 
1,400 square miles is found in the mountains of Wales, 1,400 in the higher 
moorlands of the Pennine Chain, and 300 in the Lake district ; all of 
these are high areas of very heavy rainfall, well adapted for use as 
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gathering grounds. The remainder is partly high land on the Chalk and 
Limestone ranges of Southern and Eastern England, partly fen and 
alluvial Jand, all rendered useless for gathering grounds on account of 
permeability or low level, but often forming valuable feeders for springs 
and deep wells. 

A great part of the suitable ground is already appropriated to the 
supply of large towns or is “ pegged out” with a view to future extension 
of waterworks. Nearly the whole of the Pennine Chain and a great part 
of Wales is in this position. It is a question worth raising as to how far 
the community at large should allow such appropriation to go on in the 
present way by which supplies in excess of their requirements may be 
locked up by towns to the prejudice of neighbouring districts. Rainfall, 
like the air itself, might be considered as outside the bounds of private 
property, and there is at least one argument which may be brought 
forward in support of the view that rain belongs to the nation. It is that 
nearly the whole supply for the whole country comes in from the west, and 
that a large proportion of the fall in the district which enjoys a fall above 
the average feeds the rivers which flow across the drier plains of the east, 
and if diverted would depreciate their value. 

We must not, however, confine our attention to the wants of the large 
towns. The supply of rural villages is even more urgent. A very large 
proportion of the town-dwellers are villagers born and bred, and the health 
of the whole country depends more than is usually recognised on the 
hygiene of villages. Villages exist in many parts of England which would 
be a disgrace to any country in Europe on account of their defective or 
non-existent drainage and water supply. The danger of the shallow wells 
of such villages need not be dwelt upon here, but it is surprising that the 
very simple remedy suggested long ago in a paper by Mr. Sowerby 
Wallis* has not been more widely applied. He showed that by combining 
roof-collection with proper storage tanks the rainfall, even of the drier 
parts of England, would provide a sufficiency of the purest water at very 
small expense. Even where a supply from deep wells is available the 
collection of rain-water from roofs is often very useful on account of the 
wastefulness of hard well-water in the use of soap, but the old water-butt 
must be abolished and a clean, closed, watertight underground tank 
substituted for it. For the majority of the villages in the dry parts of 
England where most of the village population of the country is found, the 
direct collection of rain will, I believe, solve a pressing problem. It would 


* Read at the Croydon Congress of the Sanitary Institute October 24th, 1879. 
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not be difficult to adapt the roofs of churches also for this purpose, and it 
might even be worth while to extend slated house-roofs over back yards 
in order to increase the area. 


Dr. H. R. Mut, F.R.S.E. (London), referring to his paper “On Rainfall 
and Population of England and Wales in relation to Water Supplie’,” said his 
position in that assembly was perhaps somewhat unusual. He bad arrived at 
the conclusions stated in his paper from a direction opposite to that from which 
most of those present had reached similar conclusions. He had gone from the 
general to the particular, while most of those who had written the papers pre- 
sented to the Conference had applied their own practical experience in small 
localities to the larger question affecting the country as a whole. He had 
studied the physical and economic geography of the world, narrowing down 
through the conditions of different countries until he had finally specialised on 
the study of the distribution of rainfall in our own land. He wished to empha- 
size that all the pure water that exists in nature is rain water, and the purer it 
is the less has the rain water been modified. The main problem is how to collect 
rain water with a minimum mixture of the substances derived from the surface 
of the land, still more from the inhabitants of the Earth, Another practical 
question depended on the fact that the rain water came to our country almost 
entirely from the west and south-west, and was it to be made a rule that the 
rain which was intercepted by the high ground near the western ocean must be 
appropriated exclusively to the use of the very small portion of the population of 
the country who could be induced to remain living on those high gathering 
grounds? Was it not more natural and more scientific to view it as an inevit- 
able sequence that the rain must follow the movement of population from the 
country to the great centres? When the people of Devonshire, like the people of 
many counties further north, and like the people of Wales, flocked to London 
and other large towns, were they to leave all the abundant supply of water for 
those who remained behind, or was the water to follow the drift of population to 
the great towns which, although situated in the vicinity of other great natural 
resources, are often in localities where the natural water supply is insufficient ? 
It was almost impossible to determine what is the true average rainfall in any 
part of the country unless there were very numerous observations of the fall of 
rain extending over a long series of years. As he, in collaboration with Mr. 
Sowerby Wallis, had taken up the work of the late Mr. Symons, he offered all 
the assistance in bis power to any sanitary officers or others who desired to 
increase the general knowledge of the distribution of rainfall in this country by 
starting observations where none had yet been made. 


THE DESIRABILITY FOR REPORTS ON 
THE WATER SUPPLY OF EACH 
COUNTY. 


By ALFRED GREENWOOD, M.D., D.P.H., 
Medical Officer of Health for the Borough of Crewe. 


ABSTRACT. 


T the present time very important matters relating to the quality and 

quantity of our water supplies are receiving prominent attention. 

Attention has been previously called to the desirability for reports on 
the water supply of counties by Dr. Thresh, the County Medical Officer 
of Health for Essex, who has set an excellent example in the compilation 
of a very able report on “The Water Supply of the County of Essex.” 
It is to be sincerely hoped that this example will be followed by other 
County Authorities, and I am indebted to that report for much inform- 
ation contained in this paper. 

Numerous reports have been written which deal fully with the water 
supply of large towns, but reports regarding the supply of water to many 
rural districts are wanting. It is well known that the supply of whole- 
some water to many rural districts is inadequate, and many of the 
inhabitants are compelled to use water from sources which at any time 
may become contaminated by the germs of dangerous infectious diseases, 
such as typhoid fever. 

The importance of considering this question becomes especially great 
in those localities where the population is likely to increase greatly, either 
from natural increase or from immigration. In the case of rural districts 
situated within convenient distance by rail from great towns, there is a 
tendency for persons to migrate to these country districts. This implies 
an increase in the building operations and an increase in the consumption 
of water. 

Certain factors, such as the character of the subsoil and the contour 
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of the hills, remain fairly constant in their influence on water supplies, 
although, of course, they vary in different localities; but other factors, 
such as rainfall and population, continually change in such a way as to 
affect materially the questions of existing and future requirements of 
water. 

Information regarding these two points would be desirable fof each 
county, viz. :— 

I. The characteristics of the existing water supplies; and 
II. The future requirements. 

A few statements regarding Rainfall are of interest in this connection. 

All supplies of fresh water come primarily from the rainfall. 

The great range of the rainfall over England may be seen from the 
facts that the largest annual rainfall is 146 inches at Seathwaite in the 
Lake District, and that the driest part of the British Isles is an extensive 
district to the south-south-west of the Wash, with an annual rainfall of 
about 21 inches. Most of the remaining parts of England have an 
average annual rainfall of about 30 inches. The county of Essex has 
suffered especially from deficiency of rainfall, and in 1898 the rainfall of 
that county was less than 17 inches during the year. 

Moreover, the average annual rainfall in England has decreased since 
the year 1880, and at present we are experiencing a period in which the 
rainfall is below the average of the last 50 years. The decline in the 
rainfall is more marked in certain parts of England than in others, viz., 
the eastern and south-eastern portions. 

It is, therefore, extremely important that information should be ob- 
tained regarding the rainfall, for several years previously, in districts 
where it is intended to construct large rain-water tanks. 

It is also important to know other details respecting the rainfall of a 
County, such as that portion of the year in which it is greatest. Thus 
the greatest rainfall may occur in the early Autumn when the ground is 
absorbent and evaporation high. Hence, monthly records of the rainfall 
are required, as well as yearly records. 

Therefore it would be necessary to include information concerning :— 

Rainfall, 
Character of Subsoil, and 
Contour of Hills, in these reports. 

Also note should be taken of the amount of agriculture in each 
County, since extensive manuring of the soil increases the risk of contami- 
nation of shallow wells and streams. 

Accurate information would be needed concerning the rivers and 


ALFRED GREENWOOD. 497 


streams of the County—their source, situation, course, natural altitude, 
and concerning the areas drained. It would also be necessary to have 
comparative readings of the jfuw of all the rivers of a County at stated 
points, and at stated times. Comparative readings during the driest and 
wettest parts of a year would be useful. 

Particulars respecting the wells would also be necessary in reference 
to their number, character (whether deep or shallow), construction, sur- 
roundings (possible sources of pollution), and also the number of houses 
supplied by the wells. 

Inquiries should be made respecting any possible connection between 
epidemic diseases, such as typhoid fever and a polluted water supply. 

An attempt should be made to ascertain the amount of river pollution. 

Also the results of chemical and bacteriological examinations of water 
from various parts of the County should be periodically recorded. 

Regarding the future requirements of a County, it would be necessary 
to estimate what the population would be a few years hence. As we have 
recently received the census results, any estimates of population for the 
next few years will be more correct than they have been during the past 
few years. 

The above are some of the leading points which would require notice 
in such a report, and which it would be necessary to bring up to date from 
time to time. 

Amongst the results of these reports, would be included the following 
advantages :— 

1. Clear indications would be given of those districts in which the 
water supply is deficient. 

2. Those districts would be known in which there is a liability to con- 
tamination through using drinking water from shallow wells, ponds, &c. 

3. The available supply, and the sources from which a supply of water 
could be obtained in the different parts of each County, would be known 
definitely. 

It may be necessary, from increased population, to supply one district 
with water from another district. Hence the importance of a full know- 
ledge of the available supply in the various districts. 

4, It is well known that improvements are needed in the legislation 
respecting—pollution of water supplies, prevention of waste, establishment 
and control of waterworks, and various other points. The demand for 
these improvements would have more weight if supported by additional 
information respecting each County. 

5. From a consideration of such reports, very useful conclusions would 
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be drawn and recommendations made. For instance, those situations 
where it would be desirable to sink deep wells would be ascertained, and 
vice versd. Also such facts as the following would be brought out, viz., 
that the multiplication of deep wells in certain areas causes an increase in 
the rapidity of the level-fall. (Hence the importance of accurate records 
of water-levels at different periods.) Other causes of diminution in the 
yield of many wells would be found out, such as the silting of the bore 
tubes with sand, &c. 

I would respectfully submit that if reports arranged on similar lines 
could be compiled for each County, the results would be of the greatest 
importance, and commensurate in every way with the trouble and expense 
thus involved. 


Dr. Hopeson (Cheshire County Council) said that before they asked for 
further powers from Parliament with reference to the control of water supplies 
they should be sure that their county councils were using the powers they 
already possessed. If they asked for additional powers they would be sure to 
be met with that question. It was important, therefore, to consider whether 
or not the powers they already possessed with reference to water supplies were 
being exercised by county councils. It seemed to him that there should be no 
antagonistic feeling between the county borough and the county council with 
reference to this question. There must be concerted action, or there would not 
be the best means for supplying proper water of a good potable character to the 
people. There was no doubt that Dr. Greenwood’s paper dealt with one of the 
greatest necessities of the times. The county councils were not using the powers 
they possessed. What did the Local Government Board say? He had been on 
several deputations from the County Councils’ Association on various matters 
to the Local Government Board, and they always said in reply to those deputa- 
tions—why do you not use the powers you possess before asking for further 
powers. There was no chance of further legislation until the county councils 
could show they were ready to act. The powers they possessed were simply 
these. It was in the province of the county council to provide water for the 
districts within its administrative area. 


A DeecatTe: Only under the Act of 1894. 


Dr. Hopeson said he was glad of the interruption because it led up to the 
point. If any parish council complained to the rural district council in which 
it is situated that it has not a proper water supply, and the rural district council 
did not provide that supply, then the parish council could complain to the county 
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council, and the county council could provide the supply. Therefore the first 
thing was to be informed of the condition of the water supply. Unfortunately 
they were here met with a difficulty. It was difficult to initiate a complaint as 
the parish councils were practically without information. They had not the aid 
of expert and expensive officials to define their grievances, and they could only 
be formulated when the complaints had become most clear and probably were 
most dangerous. The county councils had already the power to investigate ; 
they had expert officials, and those officials could be empowered to report as to 
providing supplies under the Act. The first thing to be done with the county 
councils was to urge them to put their powers into force, and to instruct their 
officials to report on the existing water supplies within their areas. Then a 
very great deal would be done to start what is necessary to be done to provide 
potable water for the great majority of the people. 


A DezcatTe: Do you know any instance of a county council having taken 
advantage of such power? If so, and you will give me the names, I shall be 
much obliged. 


Dr. Hopcson: Yes, several; Cheshire for one. If the county councils do 
not act upon their powers the question is why do they not? He believed the 
reason was stated by the author of the paper that they had not the information, 
and that they were not likely to get that information unless they themselves 
went out to seek it. They were the proper authority to seek the information, 
and not leave it to the petty conflicting interests of parish and other councils. 
He hoped that the outcome of that conference would be that there would be 
a motion urging county councils to seek this information, because if this were 
done some action would be taken upon it. The county councils had great 
authority already in regard to the pollution of streams and were doing most 
excellent work in the counties which had been most persistently inquiring into 
the pollution of streams. A great deal of work was being done, but it required 
to go further; but it was very difficult for a council to step into a conflicting 
area of opinion unless it found encouragement from some conferential authorities 
of experience such as they ought to have in that gathering that day. He 
therefore hoped that they would do what was within their power before they 
asked for powers which at present they did not seem to deserve to get. The 
resolution he desired to move was, “That the Council of the Sanitary Institute 
be asked to urge county councils to investigate the existing condition of the 
water supplies within their district with special reference to the quantity and 
quality of such supplies ; that the real and probable contamination of springs, 
wells, and streams used for potable purposes should be particularly noted with 
chemical and. bacteriological analyses; that attention should, if possible, be 
directed to such improved sources of water supply that may be provided at 
reasonable cost.” That was the crux of the difficulty. That section of the 
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Local Government Act of 1894, many people said, prevented any action being 
taken. The clause was section 16 (1) and (2) of the Local Government Act, 
1894, and he hoped the county councils would act on the powers they possessed 
in the direction he had indicated, viz., the provision of water at a reasonable 
cost. 


Mr. Liversepcs (Lancashire) drew the attention of the Conference to the 
remark of Dr. Mill, that the nearer the water supplied was to that of rain water 
without contamination with land, the greater was the purity of the water. This 
to him suggested the idea that it might be practicable instead of collecting the 
water from upland surfaces and cultivated areas, the possibility of forming 
artificial imperviable surfaces to collect the rainfall, thus preventing pollution by 
contact with land, as well as increasing the supply. A number of engineers were 
present and they would be able to speak as to the possibility of such an arrange- 
ment, from an engineering point of view. If it could be arranged to intercept 
the water in this way, and pass it direct on to the reservoirs, the chance of 
pollution would be avoided as well as preventing waste. 


Mr. Percy Grirrirx, Assoc. M.Inst.C.E. (London), said that he wished to 
speak as representing the British Association of Waterworks Engineers: He was 
glad to say that a large number of their members were present at the Conference 
and had been following the discussion with great interest. It was a fact, 
perhaps not known to all in the room, but certainly to their hosts, the Sanitary 
Institute, that the Association had been taking a keen interest in the subjects 
before the Conference, and had been endeavouring, to the best of their ability, to 
hit upon some practical means of effecting remedies for what were generally 
acknowledged to be existing evils. The difficulties, of course, were very great, 
and it was not possible at the present time to define exactly what could or should 
be done. But with regard to the paper at present under discussion, it would 
interest all those present to know that the British Association of Waterworks 
Engineers had recently decided to proceed at once with the collection of data in 
regard to the water supplies of this country. In the absence of any parliamen- 
tary authority, it was, of course, not to be expected that they, or indeed any 
private body, could make such returns as complete as was to be desired ; but at 
the same time he, as Secretary of the Association, had been asked by his Council 
to mention the fact to the Conference with the view of inviting the assistance of 
all those who were interested, and who appreciated the necessity for this course 
to be taken as a preliminary step towards the remedying of existing conditions. 
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THE RIVERS OF GLAMORGANSHIRE, 
WITH REMARKS ON THE RIVERS OF ADJACENT COUNTIES. 


By W. WILLIAMS, M.A, M.D., D.P.H.(Oxon)., &«, 
Medical Officer of Health to the Glamorgan County Council. 


(FELLOW. ) 


ABSTRACT. 


\ ALES is rich in minerals, and particularly rich in coal and water, 

which are in great demand. Several of our most important 
rivers have their sources in the numerous springs, lakes, and streams of 
the Welsh mountains. 

The South Wales coalfield is bounded on the South by the Bristol 
Channel, and is guarded on all sides, but some distance away, by the Usk 
and Towy, and their tributaries having their origin in the mountain ranges 
of Brecon and Carmarthen. One might say that the South Wales coal 
basin is embraced by the numerous springs, lakes, &c., on the tributaries 
of these rivers. 

At present none of the large centres of population in Glamorganshire 
obtain their water supplies from the tributaries of the Wye or the Towy. 

The “Cray Water Works,” however, now being constructed by the 
Corporation of Swansea, are situated on the river Cray, a tributary of 
the Usk, and fed by a number of streams known as “ Blaen Cray.” All 
future extensions of their gathering grounds will be on tributaries of 
the Tawe. 

Several comprehensive water schemes for supplying the populous 
centres in Glamorganshire haye been advocated, and one formulated a 
few years ago by the Glamorgan County Council, but none of them have 
been carried out. 

The extent of the Glamorgan coalfields is approximately 500 square 
miles—that of the remainder of the South Wales coalfields is also some 
500 square miles, making a total of some 1,000 square miles. 
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The county of Glamorgan is divided by nature into a northern hilly 
country—“ the Hills ”—cold, wet, and sterile; and a southern low country 
—‘the Vale of Glamorgan ”—milder in climate and more fertile. The 
former is severed from the latter by steep and rugged slopes, where the 
coal measures crop out on the south of the mineral basin. 

The “hills” are mining districts, while the lower grounds—the “ Vale 
of Glamorgan” and South Gower—are agricultural.* The surface of 
the coalfields may be looked upon as a great plateau with an elevation of 
600 to 1,200 or more feet above sea-level, intersected by a series of more 
or less parallel valleys, which are excavated to a depth of 500 to 800 feet 
below its general level, and at the bottom of which run rapid streams. 
The valleys in the eastern region—the Rhymney, Taff and its tributaries 
—trend as a general rule towards the south-east ; those of mid-Glamorgan 
—the Ely, Ogmore, Garw, and Llynvi—to the south; while those of the 
western region—the Avan, Neath, Tawe, and Loughor—trend towards 
the south-west. They are generally narrow and deep, opening upon the 
“Vale” or the Bristol Channel, and they offer great facilities for mining 
and for carrying away the minerals along the railroads and canals 
which are constructed along most of them. Their sides are frequently 
wooded for some distance up, and above them the bare mountains rise, 
covered by coarse grass, bracken, ferns, etc., whilst their summits are 
capped by rugged cliffs and débris of Pennant sandstone. The average 
height of the hills is very considerable, the highest in the coalfields being 
1,970 feet above sea-level. 

The hills owe their origin to the resistance offered to denudation by 
the millstone grit, carboniferous limestone, and old red conglomerate. 

Glamorgan is geologically divisible into three parts : | 

(1) The northern and by far the smallest area, chiefly old red sand- 

stone and carboniferous limestone ; 

(2) Central or greatest area, the coal measures ; 

(3) Southern—Vale of Glamorgan and South Gower, chiefly beds of 

secondary age, é.g., triassic clays and lias sandstone. 

The river system of South Wales is very simple, the chief rivers 
running in more or less parallel courses in a southerly direction. Some of 
them have their sources in the Brecon Beacons, while others flow from 
the hilly country of the northern outcrop. The general trend of the 
surface is towards the south, so that the streams flow very rapidly 


***South Wales Coalfield,” by Mr. T. F. Brown. 
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throughout their whole length, and few are navigable even to the leve 
of high tide. Their direction across the coalfield and through the ridges, 
formed by the outcrops of the harder rocks, seems to indicate that their 
origin dates far back into geological times. Several of the streams are 
along lines of weakness in the shale. 

The distance inland from the coast to the sources of the rivers is rarely 
more than thirty miles (in a straight line), but the rainfall being heavy 
and the fall of the ground considerable, the quantity of water coming 
down is very large, and most of the rivers partake of the nature of 
mountain torrents. 

The rainfall is closely connected with the surface features, and the 
contour of the ground determines in a remarkable manner its relative 
amount in any given locality in the County, and it is found to be very 
different in amount even at points only a few miles apart. The prevailing 
S.W. wind, which blows directly from the Atlantic, laden with moisture: 
rises gradually up to the sea level until it attains an elevation of 1000.to 
1200 feet over the central and northern parts of the coalfield. It will be 
recognised that when the air is at, or near its dew-point, as it leaves the 
sea, the slight expansion and consequent cooling which it undergoes in 
rising to a higher level, must necessarily result in condensation of its 
water, which under favourable conditions is precipitated as rain. Thus it 
arises that the rainfall is very different in amount even at points only a 
few miles apart, for instance, in 1900 the rainfall at different places in the 
County was :— 


District. Elevation above Amount of 


Sea level. Raintall. 
Barry .. sae wide ee oo 20 36°6 inches. 
Oystermouth ... wee ees w. = 280 54 ‘ 
Morriston . ... eh vee we = 232 53 “6 
Penllergaer a ba Mek .. 240 53 ¥ 
Ystalyfera ous see ee .. 240 71 * 
Pontypridd as & acs w= 425 . OB % 
Treherbert (Rhondda)... 7 801 93 (Taff tributary). 
Pentwyn Reservoir (Merthyr Reservoir) 1120 70 (Taff tributary). 
Maerdy Reservoir (Rhondda)... we. 1255 67 (Taff tributary). 
Neuadd Reservoir (Merthyr) ... .- 1462 75 (Taff tributary). 


The rivers of the County naturally follow the various valleys and 
generally have the same names. From East to West we have the 
Rhymney, Taff, Ely, Ogmore, Efrwdwyllt (Margam), Afon, Neath, sta) 
and Loughor. 
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Rhymney.—This river has its origin over the Millstone grit and 
Carboniferous limestone of South Breconshire, and after running a 
course of some 30 miles between the counties of Glamorgan and 
Monmouth, enters the Bristol Channel east of Cardiff. The Sirhowy and 
Ebbw rivers and their tributaries (Mon) have their origin in the same 
mountain range. Within the Rhymney river’s drainage area, are situated 
large portions of the sanitary districts of Glelligaer, Caerphilly, and 
Llandaff and Dinas Powis (in Glamorgan), and of the Rhymney, Bed- 
wellty and St. Mellons (in Monmouth). 

Its tributaries (in Glamorgan) are the Deri which enters it at 
Bargoed, and Aber which enters it at Caerphilly. Near or on its banks 
are situated a large number of Collieries, a few Gas Works, one Tin-plate 
Works, and one or two Breweries. Within its drainage area are six 
sewage farms, viz., Pontlottyn, Fochriw, Deri, Bedlinog, Caerphilly, and 
Rhymney; one set of biological filters at Brithdir, and several others 
about to be constructed. 

The Sanitary Authorities of Bedwellty (at New Tredegar) and of 
St. Mellons (at Bedwas) in Monmouth, have provided No schemes of 
sewerage. 

. It is considerably polluted by sewage and small coal, but as regards the 
former its amount is becoming smaller year by year. 

It should further be noted that there is no joint sewerage scheme for 
the Rhymney Valley, although such a scheme was recommended. 

At the Powell Deffryn Pits there are machines for washing the small 
coal, and the water used in these machines, together with that pumped up 
from the pits, is allowed to settle in tanks, allowing the small coal to 
subside before the water is discharged into the river. 

On the tributaries which give rise to the Rhymney river are now being 
constructed several important reservoirs for the water supplies of sanitary 
districts in the Rhymney Valley. 

This river enters the Bristol Channel immediately to the east of 
Cardiff, the Taff through Cardiff, and the Ely immediately to the west 
of the Borough, between it and Penarth. 

Taf.—This is the most important river in the County, even in South 
Wales, on account of the many industries which are carried on on its banks. 
The Taff fawr and Taff fechan, streams which join to form it on the Mill- 
stone grit (north of Merthyr), have their origin in the Vans of Brecon over 
the limestone and old red sandstone. On it, before it is joined by its im- 
pertant tributary the Cynon, is situated the important Urban District of 
Merthyr (population some 70,000). Some six miles lower down, at 
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Abercynon, it is joined by the Cynon, which also has its chief origin north 
of the coal measures, and within whose drainage area are included the im- 
portant mining districts of Aberdare (population 43,357) and Mountain 
Ash (population 31,093). 

At Pontypridd it receives its most important tributary, the Rhondda, 
which is formed at Porth by the confluence of the Rhondda fawr and 
Rhondda fach tributaries, the blackest, at any rate, of its accessories. 

Below Pontypridd it has an uninterrupted course, skirting the ancient 
City of Llandaff, and through the Borough of Cardiff into the Bristol 
Channel at Penarth. 

Within its drainage area are situated :— 


Area in Population. 

Acres. 1891. 1. 
Merthyr Urban District ... ee 17,759 58, 080 69,227 
Aberdare Urban District ... Por 15,127 40,917 43,357 
Mountain Ash Urban District... 10,534 20,976 31,093 
Pontypridd Urban District sak 8,000 19,971 32,319 

(old area) 

Rhondda Urban District ... ae 38,884 88,351 113,735 


Portions of Llantrissant, and Llan- 
daff, and Dinas Powis Hun 2 some 6,000 
Distr ict, south of ao ee 


Cardiff Borough .. oh is 130,283 164,420 


The Taff is polluted principally by (1) sewage, (2) small coal, and (3) 
refuse from tinplate works (very slight). Here it may be stated that the 
sewage of Merthyr, Mountain Ash, and Aberdare is treated on land 
situated in the Taff Valley above Pontypridd (one of the oldest sewage 
farms existing). 

The sewage of the Rhondda Valley, Pontypridd, and of some populous 
centres belonging to Llantrissant and Llandaff, and Dinas Powis Districts, 
is conveyed by means of a main carrier and is discharged into the Bristol 
Channel not far from the mouth of the Rhymney river (East of Cardiff). 

The sewage of Cardiff is partly disposed of in the Bristol Channel, and 
partly (that of the western district with its population of some 46,000) is 
discharged into the Taff some distance before it enters the Bristol Channel. 

Some years ago the “Rhondda and Pontypridd Joint Sewerage 
System” was completed, at a total cost of about £250,000, and it answers 
very well. 

It is more joint sewerage systems that are required in this country, as 
I have pointed out in my evidence before the “ Royal Commission of 
Sewage Disposal.” 
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There is a very large number of collieries within the watershed of the 
Taff river, and the amount of small coal that gets access into its tribu- 
taries, especially the two Rhondda rivers, is very great. 

It may be interesting here to state, that in 1893 the Glamorganshire 
County Council took legal proceedings against the proprietors of a certain 
colliery for polluting the river with water containing a large amount of 
small coal. The case was dismissed, the verdict being that small coal was 
neither a pollution nor a permanent obstruction to the flow of water in 
the river’s bed. 

On the Taff and its tributaries there are four Tinplate Works, one at 
Aberdare, the Cynon Tin Works, with which we have some trouble, and 
one at Treforest, one at Walnut Tree, and one at Melingriffith, which 
have given little or no trouble. 

Within the drainage area of the Taff and its tributaries are situated 
the Water Works of Merthyr, Cardiff, Aberdare, Mountain Ash, Pontypridd, 
Rhondda, and Penarth, representing a total population of some 481,724, 
that of the whole county being 860,021 (Census 1901). The tributaries 
of the Taff river, therefore, supply more than half the population of the 
whole county with water for drinking, domestic, and all other purposes. 

Ely. This river has its origin in several small streams within the 
Llantrissant Rural District over the coal measures. Itis fifteen or twenty 
miles in length, and after a winding course eastward it enters the Bristol 
Channel, forming the boundary between the Borough of Cardiff and the 
Penarth Urban District Council’s area. 

On its banks in the hills are situated several important towns and 
villages, including the ancient borough of Llantrissant ; all of these places 
are well sewered and very little sewage enters the river at any point. 

At Pontyclun are the only tin plate works on its banks, and here 
copperas is made and the swilling fluid is passed through crushed limestone 
and through filters of earth and branches of trees, etc., and when these 
precautions are rigidly observed, which is not always the case, very little 
pollution takes place from these works. This river contains but very 
little small coal. Indeed, the Ely is the least polluted of the Glamorgan- 
shire rivers and it is a good fishing river. 

Ogmore. The Ogmore river passes through the western division of 
the Vale of Glamorgan, and enters the Bristol Channel some four miles 
south of Bridgend. Its tributaries are the Ogmore fach, Ogmore, Garw, 
Llynvi, and towards the sea the Ewenny—all these have their origin on 
the coal measures, and each tributary flows through the very important 
coal mining valleys in Mid-Glamorganshire of the Ogmore, Garw, and 
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Llynvi (Maesteg), Tondu (and neighbourhood) and Bridgend. The total 
population within this drainage area is about 44,000. The Ogmore, 
Garw, and Llynvi valleys form one of the richest coal districts in 
Glamorgan, and they have developed to a wonderful extent during the 
past ten years. 

Sewerage schemes are now being constructed for all the valleys from 
their heads down to the sea, and these will involve a total expenditure 
of something like £130,000, and benefit a population of about 44,000. 

When the whole is completed, the Mid-Glamorgan mining valleys, 
which are full of virgin coal and have a future of great industrial 
prosperity, will be as well drained as any district in the County, and 
better than some. 

Ffrwodwyllt (Margam).—This is a river of only some 5 or 6 miles in 
length. It passes through the Margam Urban District into the Swansea 
Bay, and it receives no sewage. On some of its tributaries at Cwmwern- 
deri, has been lately constructed an important storage reservoir belonging 
to the Margam District Council, and which also supplies the ancient 
Borough of Aberavon with water. 

Avon.—This river has its origin over the coal measures, and enters the 
Swansea Bay at Aberavon. On its banks and within its drainage area are 
the important. coal mines, copper and tin-plate works of Glyncorwg and 
Cwmavon districts. At present the river receives the whole of the sewage 
of Glyncorwg and Cwmavon, but a sewerage scheme is about to be con- 
constructed for Glyncorwg which has some 6,000 inhabitants. 

A joint sewerage scheme has been advocated for this valley and would 
suit it admirably, and the only objection to it is the large expenditure it 
would involve. 

The drainage area of this river is some 87 square miles. 

The river skirts the Margam Urban District (along its west boundary) 
which is well sewered. : 

Neath or Nedd.—This river, after crossing the Millstone Grit and 
running a south-westerly course of some 25 miles through the picturesque 
Vale of Neath and Neath Borough, discharges intothe Swansea Bay near 
Briton Ferry. Its tributaries are over the Carboniferous Limestone and 
Old Red Sandstone in the mountains of South Breconshire. 

The Neath Rural District Council are now formulating a water 
scheme, and plans, &c., are now being prepared with a view of promoting 
a Bill in Parliament next Session. The collecting area comprises the 
Mellte, Hepste, and Dringath Streams, which are tributaries of the Neath 
River. The collecting area, comprising some 1000 acres, is situated in the 
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Parish of Ystradfellte in Breconshire, and is very rich in springs and 
streams. It is proposed to supply from this source all the places within 
the District Council’s area that are at present inadequately supplied, viz., 
Glyn-Neath, Resolven, Tonna, Clyne, Skewen, &c. (in the Neath Valley); 
Pontrhdyfen, Cwmavon (in the Afon Valley). It is also proposed to 
provide, if, and when required, an additional supply to Aberavon, Briton 
Ferry and Neath,—these representing a total population of some 40,000. 

There is one tin works on the Neath river, and one on its tributary 
the Dulais, and in its course to the sea it receives the sewage of several 
villages, and into its tidal waters the sewage of Neath and Briton Ferry. 

The proposed Ystradfellte water scheme is one that is at present much 
needed, and the need of an abundant supply in the places above mentioned, 
becomes more urgent year by year. 

Tawe.—This important river, on which is situated the Borough of 
Swansea (population 102,001), has its origin in several lakes and tribu- 
taries situated over the old red sandstone in South Breconshire, and 
after passing over the limestone and millstone grit and through the 
important mining valley of the Tawe, and the Borough of Swansea for 
a distance of some thirty miles, it enters the Swansea Bay. 

Within its drainage area are the important coal mining, chemical, and 
tin plate works centres of Ystalyfera, Pontardawe, Clydach, Morriston, and 
Swansea, representing a population of some 126,000. ‘It receives a large 
amount of sewage before it reaches Swansea, and at present all the sewage 
of the valley is discharged into it or into the Canal which adjoins it. 

A sewerage scheme is, however, now being constructed for Pontardawe 
with a population of some 4,000. 

The chief feature of the Tawe Valley is the large number of tinplate 
works which are situated on the Tawe or its tributary, the Turch, viz.: 
seven in Pontardawe district.and one in Ystradgynlais (Breconshire), and 
three at Morriston, making eleven in all. Those at Morriston are on the 
tidal waters of the Tawe. At the remaining works above Morriston, eight 
in number, copperas or sulphate of iron is made from the “ pickle” at all 
of them, and also an attempt at filtration of the “swilling fluid” is made 
by passing it through beds of clinker, &c. The result, however, is not 
altogether satisfactory, as the clinker beds are not found to be cleansed 
and renewed sufficiently often. Filtration, through broken limestone 
which is practised in other places, would, in all probability, prove more 
satisfactory. ; 

Loughor.—This river and its tributary, the Amman, form the West- 
ern boundary of the County separating it from Carmarthen. The 
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Amman has its source in a number of small streams over the Millstone 
Grit in Carmarthenshire. From the source of the Amman into the Burry 
Estuary is a distance of fifteen miles. The districts adjoining this river 
are not sewered, and consequently a considerable amount of sewage enters 
the Loughor all the way from Brynamman down. 

On the Amman and Loughor, forming the County Boundary, are 
situated three Tin-plate Works on the Amman, and at these copperas is 
manufactured. Lower down on the Loughor, which is a tidal river as far 
as Pontardulais, are three Tin Works, viz., two at Pontardulais and one at 
Llangennech. 

Some distance westward, the river Jowy enters the Carmarthen Bay. 
It rises in a large morass near the borders of Breconshire, and flows west- 
wards and southwards for about sixty miles to the Bay of Carmarthen. 
The number of feeders of the Towy is exceptionally large, and its drainage 
area is extensive, being estimated at over 500 square miles. 

From the descriptions above given it will be seen that: 

(i.) All the Glamorganshire rivers have their origin within the 
county, or in the mountainous and uninhabited regions immediately 
beyond the northern boundary of the county, at an elevation varying 
from 1,000 to 2,000 feet. 

They are consequently comparatively short, swift-running, the 
longest no more than forty miles, so that their pollution takes place 
almost entirely in the county, and consequently it should not be 
difficult (as in flat countries) to abate. Besides, no Joint Rivers 
Boards are necessary. 

(ii.) The water of none of the Glamorganshire rivers is used for 
drinking purposes after any sewage has been discharged into them. 
Such a condition of things is highly satisfactory as compared with 
other important rivors, such as the Dee, Severn, &c. 

(iii.) The principal pollutions of rivers in Glamorganshire are 
occasioned by : 

(a) Sewage—excremental and slop sewage. 

(6) Small coal—from our many collieries ; and 

(c) Refuse from tinplate works—consisting of vitriol and 
sulphate of iron (which is generally used for cleansing 
the plates in this county). 

Much work has been done during recent years with a view of prevent- 
ing the pollution of our rivers by sewage, and as far as sewage is concerned, 
I do not anticipate any difficulty now that the requirements of the Local 
Government Board with respect to land are altered on the recommendation 
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of the “ Royal Commission on Sewage Disposal.” In some of our long, 
narrow, and crooked valleys, it is impossible to acquire sufficient areas of 
land within reasonable and suitable distances for sewage disposal purposes. 

In the whole county there are thirty sanitary districts, and out of 
these, thirteen, representing a population of some 516,000, discharge their 
crude sewage into tidal rivers and the sea, and the sewage of some nine, or 
parts thereof, are treated on sewage farms, of which there are several, 
large and small, and one of the oldest (Merthyr) in the county. 

During the last ten years, through the action of the County Council, 
several old sewerage works have been improved, and many new works 
constructed ; and when the works now in progress are completed, the 
expenditure on these works will reach a sum of over £600,000 in ten 
years. 

With regard to pollution by small coal, very little has been in this 
county except in a few places where washing machines are used, and 
where the small coal contained in the washing water, and in the water 
pumped from the pits, is allowed to settle in large tanks, before it is 
discharged into the rivers. 

I am anxious to obtain an expression of opinion as to what precautions 
County Councils can reasonably and legally expect colliery proprietors to 
take with a view of lessening or preventing the discharge of small coal 
into rivers. : 

With regard to pollution caused by tin plate works, it is much less 
than was the case a few years ago, for now at by far the majority of these 
works, the “ pickle” by the addition of scrap iron and continuous evapora- 
tion in properly constructed vats, is completely converted into sulphate of 
iron (FeSO,), or “ copperas.” 

The “swilling fluid” is in some places filtered through filters of broken 
limestone and of earth, and a large proportion of the acid and other im- 
purities is thus got rid of, provided these filters are frequently changed. 
There is, however, a tendency to allow these filters to take care of them- 
selves, which they are unable to do, and consequently constant supervision 
is necessary. 

In conclusion, I would quote a few paragraphs from the evidence 
which I gave before the Royal Commission on Sewage Disposal, thus :— 

(a) That in this county, at any rate, greater progress would have 
been made in purifying our rivers had not the Local Govern- 
ment Board insisted, under all circumstances, on the hard- 
and-fast rule of land treatment in addition to artificial 
filtration. 
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(6) That it is important to have as many Joint Sewerage Districts 
as possible in such a county as Glamorgan, where tlie valleys 
are so narrow and land difficult to obtain. 

(c) That no crude sewage should be discharged into the sea except 
after the most careful consideration of all local circum- 
stances, and after careful experiments made with different 
float materials as to the directions of the currents at various 
conditions of the tide. 

(d) That similar experiments and examinations of the water (chem- 
ical and bacterial) should be made in the case of tidal rivers 
and estuaries. 

(e) That the Government should countenance the establishment 
of Health Laboratories where sewage effluents, manufac- 
turers’ refuse, and other materials discharged into rivers, 
estuaries, sea, etc., can be thoroughly examined, if and 
when required, and that these should be under the control 
of County Councils. 


Dr. W. Wittiams (Cardiff) said that his paper did not contain much that 
was of a controversial nature. It contained one or two matters which might be 
of general interest. The Glamorgan County Council had done a great deal 
during recent years in lessening the pollution of their Rivers with sewage and 
refuse from Tinplate Works, and indeed, very little difficulty was experienced in 
this direction, and the pollutions were gradually but surely diminishing year by 
year. With regard to pollution by small coal, very little had been done except 
in a few cases where washing machines had been provided, and where the 
small coal contained in the washing water was allowed to settle in tanks and 
used over again. One gentleman had just said that County Councils were not 
doing their duty, and that the Cheshire County Council was doing more than 
any other. That was a matter of opinion, but in Glamorganshire a County 
Public Health Laboratory had been established for some years, and all the public 
water supplies of the County had been examined once quarterly for a period of 
two years, and the records are carefully kept. 


Mr. W. Fox (London) said that his experience of the water supplies of 
Glamorganshire was that, where situated on coal measures that were being 
worked, the water was diminishing very fast. The works would not supply 
anything like the quantity of water which they used to do. Dr. Williams had 
referred to schemes for supplying Glamorganshire, and also to the scheme which 
would come before Parliament next year to supply the Neath District Council 
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from the head of the Neath. These were schemes with which he had been 
intimately connected for the past five or six years, and the latter was only the 
first link of a scheme capable of supplying the whole of Glamorgan, or almost 
the whole of Glamorgan, with something like twenty-five million gallons a day. 
Such a scheme would be far less expensive and would be far better than 
supplying water from the River Usk, for the simple reason that the sources of 
supply were at a much higher level than could be obtained in the Usk Valley. 


Dr. 8. Ripzan (London), said a practical difficulty, it appeared to him, 
would arise in getting statistical information from the different counties if it 
were not controlled by some central authority. It would be burdensome for 
some counties to have such work thrown upon them involving tremendous 
expense compared to other counties, as shown by Dr. Mill, which from their 
situation would have very small duties to perform. It was to be noticed that 
Dr. Williams had had to study the quality of the water in the rivers in other 
counties before he could determine the quality of the water in his own county. 
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WATER SUPPLY 
TO ISOLATED COTTAGES AND SMALL 
GROUPS OF COTTAGES. 


By JOHN O. THRESH, M.D., D.Sc. 
Medical Officer of Health, Essex County Council. 


(FELLow). 


HE Public Health (Water) Act, 1898, was doubtless passed with the 
intention of ensuring the provision of wholesome water to isolated 
cottages, small groups of cottages, and to all newly-erected houses in 
districts too thinly populated to permit of a public supply. It has now 
been in force for over twenty years, and has signally failed in its in- 
tentions. Every medical officer of health and every person interested in 
rural sanitation will, I think, support me in this contention, as in probably 
every rural district there are still to be found large numbers of cottages 
without any proper supply of water. Ponds, ditches, polluted streams, 
and polluted wells are still used in thousands of instances. All the 
sympathies of the framers of the Act appear to have been on the side of 
the owners of existing property. As many difficulties as possible are 
placed in the way of sanitary authorities, and the owners are afforded as 
many excuses for delay und as many causes for appeal to the Local 
Government Board as it is possible to devise. Finally, there appears to 
be some objection to declaring the cost a private improvement expend- 
iture, probably on account of the trouble of levying and collecting the 
improvement rate, which deters Sanitary Authorities from taking action. 
Altogether authorities seem to consider that the improvements to be 
effected are not worth the trouble, hence the little improvement which 
has taken place in the water supplies in our rural districts. 

When new houses are erected certificates are granted on supplies 
which are often most unsatisfactory. They are granted on supplies which 
can only be obtained on sufferance, and of which the tenant may be 
deprived without notice, and of which he often is deprived when the 
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supply becomes limited; on supplies which are at an unreasonable distance ; 
and on supplies which are polluted or liable to pollution. Authorities 
should insist upon the source being satisfactory and within a reasonable 
distance. The inspector or medical officer of health should examine the 
source, and if thought desirable a sample of the water should be sub- 
mitted to analysis; and a certificate should be resolutely refused unless 
the water is perfectly satisfactory. Where the supply is to be from a 
shallow well, the owner and builder should know that the well will not 
be accepted as a satisfactory source of supply unless it is properly con- 
structed and properly situated. For this purpose the Chelmsford Rural 
Council have had printed the following instructions, which I strongly 
recommend to the consideration of other authorities. 


Tue Rerayt Districr Couxcit or CHELMSFORD. 
Lhe Construction of Shallow Wells. 


In the large majority of cases where shallow wells yield polluted water 
it is due to defects in the construction of the wells. The following sug- 
gestions are submitted by the Chelmsford Rural District Council, upon 
the advice of their Officers, for the construction of such wells. The 
water which enters a well at a depth of 6 to 12 feet, depending upon the 
porosity of the soil, is usually efficiently filtered and purified. Water 
entering at a less depth is nearly always liable to be imperfectly purified 
and unsatisfactory in quality, The nearer the ground surface at which 
water can enter the greater the danger of pollution. 

It follows therefore that the upper 6 to 12 feet of the well should be 
water tight and that the top should be so finished off that no surface 
water can possibly gain access. It is also very desirable that the top of 
the well should be brought up 6 to 12 inches above the ground surface 
and covered with a proper flagstone or wood or iron cover. 

Plans showing two of the simplest methods of well construction are 
appended. 

As no new house can be occupied without a certificate from the 
Sanitary Authority to the effect that the house has a sufficient supply of 
wholesome water, it is important that builders and others should pay 
particular attention to the above suggestions and so avoid the risk of a 
certificate being refused. 

Issued by Order of the Rural District Council of Chelmsford. - 
Jas. DEWHIRST, 
Surveyor and Engineer. 
23 July, 1901, 
Avenue Chambers, 


Chelmsford. 


If authorities would insist upon the proper construction of wells the 
water supplies of our rural districts might be gradually improved. 


SPHCIMENS. 
CONSTRUCTION OF SHALLOW WELLS. 


1901. 


J. DEWHIRST, 
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Samples of water from existing shallow wells should be taken for 
analysis, and if found impure action should be taken under Section 3 of 
the Public Health (Water) Act, and a proper well insisted upon if it 
can be provided within the cost stipulated in the Act. This, however, 
brings us to another serious difficulty. Only in exceptional cases is it 
possible to construct properly a shallow well and fix a good pump for 
£8 13s. 4d., and even the maximum expenditure, which can only be 
enforced after getting the sanction of the Local Government Board, 
(£13) may not be sufficient if the well is any depth. Unfortunately also 
it rests with the Sanitary Authority to prove that the supply can be 
obtained at the reasonable cost defined by the Act, otherwise the proceed- 
ings before a Court of Summary Jurisdiction would be futile. The Local 

- Government Board have also held that where the same owner has a 
number of cottages, even if they are in a row, the cost must include the 
laying on of the water to each, so that it is impossible for instance to 
make a man spend £20 in constructing a well for three or more houses 
unless the well is so near that each house can have a pump on its own 
premises. If the well is a little distance away this becomes impracticable. 
This appears to me to be an absurd interpretation of the Act, and in 
Essex has prevented many improvements which would otherwise have been 
carried out. Where water cannot be obtained at a “reasonable” cost, 
the writer of the article on the Law relating to Water Supply in Steven- 
son and Murphy’s “ Hygiene and Public Health” says: “If the absence of 
a proper water supply creates so great a nuisance that the house is unfit 
for habitation, proceedings should be taken for obtaining a Justice’s order 
prohibiting its being used for human habitation.” I have never heard of 
such an order being applied for, and I doubt very much whether any 
Justice could be found in England who would grant one. 

There is little hope for improvement until the law is simplified. At 
the present time an order for closing a well cannot be procured unless the 
Medical Officer of Health can prove that the water is injurious to health, 
whereas it should be sufficient to prove that it is dangerous to health. 
Gunpowder and other explosives are not injurious to the health of people 
near, but Government places great restrictions on their storage on account 
of the danger of explosion. A polluted water may be generally harmless, 
but we know that sooner or later it will become specifically polluted and 
cause disease, yet until it actually is causing disease we cannot legally 
prevent its use. Why, again, should a Sanitary Authority have to appeal 
to a Government department to define a “reasonable ” cost? surely the 
Court of Summary Jurisdiction or the County Council could deal with 
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such comparatively trivial matters, even if the sanitary authorities are 
not to be trusted. 

Stringent by-laws can be adopted preventing privies or cesspools 
being placed within so many feet of a well or source of water supply, yet 
that source may be an improperly constructed well in the centre of a 
garden, and the privy and cesspool contents may be spread on the ground 
or dug in right over the well. No by-laws can be made to insist upon a 
well being properly built, or the ground around being protected by being 
made impervious. The method of procedure enabling Sanitary Author- 
ities to provide wells or other sources of supply in convenient situations, 
and to charge the cost on all owners within a certain radius whose tenants 
have not a wholesome supply, requires simplification. In all hamlets 
and villages, too small for a public supply to be laid on to each house, I 
think the Sanitary Authorities should provide wells or protect springs in 
central positions, and maintain the same at the expense of the parish. 
This would ensure that every aggregation of houses had within a reason- 
able distance an available supply of wholesome water. There are large 
numbers of parishes without any public well of this character. Again, 
Sanitary Authorities are often remiss in not properly protecting existing 
public supplies) They should set builders and owners an example by 
causing all public wells to be properly constructed and protected. Springs 
in road-side ditches abound which have been used by the public from 
time immemorial. These are public supplies, yet they are fouled by every- 
rainfall, by passing cattle, by tramps, etc. These sources, if really neces- 
sary, could be and should be greatly improved. There is much room for- 
improvement, not only in our sanitary laws, but also in our sanitary 
administration, and probably an improvement in the former, by decreasing 
the amount of trouble and simplifying the methods of procedure, would. 
lead to the much-needed improvement in the latter. 


(For discussion on this paper see puge 520.) 
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VILLAGE WATER SUPPLIES. 


By MISS C. COCHRANE. 
(MEMBER. ) 


ABSTRACT. 


F THE many inadequate and insanitary conditions connected with 
rural housing in country villages, there is none in more urgent 
need of reform than the water supplies. 

In some districts there is plenty of good water to be had, which is not 
utilised as the Sanitary Authorities are exceedingly remiss in carrying 
out the various wise provisions of the Public Health Acts. 

For many years in succession the only available supplies are left to 
take care of themselves; wells remain uncleaned, pipes broken, pumps 
badly constructed, and surface impurities, as well as leakage from broken 
drain pipes and soakage from cess-pits, &c., are left to drain into and 
pollute water that might be good, or fairly good, if properly cared for and 
protected. 

For these evils, serious as they are, the Sanitary Authorities, and 
therefore the people, have the remedy more or less in their own hands if 
they will but avail themselves of the existing legal regulations. 

But there are other districts, naturally waterless, in much more serious 
case because of the expense which would be entailed in carrying out any 
adequate water scheme. 

To illustrate my meaning I will describe as a sample case (out of many 
similar ones which have come under my notice) the conditions which at 
present prevail in a small agricultural village on the borders of Hunting- 
donshire and Cambridgeshire. 

This village is without any water supply. The single pump, which is 
filled from a pond in a field near, is always empty in dry weather, and the 
people are now drinking water from a pond by the roadside which is low 
and weedy. When this supply is exhausted the only resort will be an 
unfenced pond of bad water half a mile from the village. The daughters 
of the principal farmer are in the habit (during dry weather) of driving 
into the nearest town, some three or four miles distant, to fetch their 
drinking water in jars. 
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In this village more labourers’ cottages are badly needed, and three 
are now being built. The Rural District Council will probably grant the 
necessary certificates (as is done all over the district in similar cases by 
various councils), and the cottages will be occupied in contravention to 
section 6 of the Public Health (Water) Act, 1878. 

In some villages where certificates are granted water supplies might 
often be obtained at a cost which could be fairly met by the ratepayers ; 
but in other instances, such as the village I have referred to, the cost of 
providing a satisfactory supply would be more than the ratepayers could 
afford. The whole rateable value of the parish is under £1,000. 

In another village a few miles further, where there is no water in 
summer, a farmer kindly allows the people to use a spring in one of his 
fiells, which can only be approached by crossing the Great Northern 
main line, over which some hundreds of trains pass in the twenty-four 
hours. For household purposes, a man fetches water in a donkey-cart 
from the River Ouse and sells it to the villagers. The Ouse water is 
unfit to drink, as it reccives the sewage of various towns. 

A third village near has only one pump with drinking water for a 
population of 400, and some of the people have to fetch it a distance 
of nearly 600 yards. 

Possibilities of health, comfort, and cleanliness are beyond the reach of 
many of our rural populations; and in the district to which I am now 
referring, anemia is almost universal, and cancer is very prevalent. 

Owners cannot be compelled to spend more than £8, or at most £13, 
in providing a cottage with water, and this is of course quite insufficient 
when a well has to be sunk, or a supply brought from a distance. 

After what has been said, it will readily be understood that to a large 
number of village schools there is no water supply at all, and in numerous 
instances the only water available is polluted and unfit to drink. 

The Local Government Board are not unacquainted with these facts, as 
will be evident from a perusal of the recent special reports of their 
officer, Dr. F. St. George Mivart, on “The General Sanitary Circum- 
stances and Administration of the Axminster Rural District,” August, 
1899; and “of the Biggleswade Rural District,” November, 1899; both 
inspections having taken place in consequence of severe epidemics of diph- 
theria or enteric. 

Children are thirsty little mortals, and usually the first thing they do 
on rushing out of school on hot days is to drink copiously from the nearest 
supply, which is as likely as not to be a filthy ditch or road-side pond. 
Where even this is absent the children often suffer absolute distress from 
thirst. 
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In face of the above facts, the question naturally arises as to what 
methods should be adopted in order to supply poor agricultural districts 
with wholesome water. 

To some persons it appears that the only solution of the difficulty is to 
place the water supplies in the hands of the County Councils, and spread 
the working expenses over the whole county. Another alternative is to 
make the owners responsible. But, as regards the schools, perhaps the 
simplest and most effective plan would be for the Education Department 
to refuse to pay any grants to those schools which are unprovided with 
wholesome water. 

If this were done, not only would the present principal source of 
danger to the health of the children be removed, but a stronger induce- 
ment would be offered to local authorities and owners to supply the 
villages at the same time that they were supplying the schools: for where 
the school is without water, the village is often, though not always, 
without it also. 

In any case, it is earnestly to be desired that the present most unsatis- 
factory state of affairs shall not be allowed to continue. 


[This discussion applies to the two precding papers by Dr. J. C. THRESH 
and Miss CocaRane. } 

Mr. W. Fox (London) said there was only one point in reference to the 
paper on Flood Water Supplies, and that was the difficulty which arose under 
clause 332 of the Public Health Act. That was a clause which required any village 
authority, before applying to the Local Government Board for a loan, to obtain 
the consent of the riparian owners who might have any rigl.t in the water which 
it was intended to take. If that consent could not be obtained the Local 
Government Board would not hold an enquiry. From his own experience this 
condition had given rise to great hardship, and a case occurred a few weeks ago 
where the owner had withheld his consent, although in no way injuriously 
affected. It seemed to him that the remedy was for the inspector to hold an 
enquiry, and in cases where a small quantity of water only was to be taken, to 
decide as to the conflicting interests. 


Tue Crainman (Prof. Robinson) said that the legal rights in regard to water 
running in a defined channel were well recognised, but though it was a pity that 
water should be allowed to run to waste, it would be a difficult matter for an 
Inspector of the Local Government Board, or for the Local Government Board 
on the report of their Inspector, to act as suggested when such action could 
be set aside by a Court of Law. 
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Dr. J.C. Tirrnsn (Essex C.C.) observed that in the county of Essex the question 
of water supply was a very important one. Certain water authorities desired last 
year to go to distant parts of the county for a further supply of water to serve a 
portion of the county nearer London. The County Council looked into the 
matter to ascertain if possibly they could take some action. The first thing they 
met with was the dictum of the Clerk that they had not the power to spend a 
single penny in making inquiries. Such being the case, the Council was at a 
complete standstill. How could they say, without inquiry, in what part of the 
county there was an excess of water, and in what part there was a deficiency ? 
They had no definite information to go upon, and until they had had such it was 
useless to attempt anything. It happened, however, that for some years he had 
been accumulating information about the sources of water in the county, and he 
offered to put it into a form which he thought would be useful. His Council 
accepted that, and the result was that he had published what he believed was 
the only full account of the water supplies in any particular county. This had 
been of very great value indeed, and he thought that they should advocate the 
proposition that County Councils should have power to employ experts to 
prepare reports on water supplies. This would enable the bodies interested to 
arrive at right conclusions as to what action should be taken. The action taken 
in his own county had led to several water supplies being abandoned, and had led 
to a knowledge of water sources in various parts of the county which had not 
yet been touched. It was comparatively a small matter to provide a water supply 
to a large town ; it was often much more difficult to supply a small village com- 
munity. The information contained in reports such as he had mentioned would 
often enable this difficulty to be overcome. For instance, while it might be diffi- 
cult to devise a system of water supply for one village, it might be practicable to 
provide a supply for a number of villages in a combined district. There should 
be this power to combine parishes even if in different sanitary districts, then they 
would be able to supply the portions thinly populated, the part more thickly 
populated helping to pay for the part thinly populated. The benefit would be 
mutual, This could not be done until County Councils got further powers. 


Mr. W. Wuiraker (Croydon) thanked Dr. Thresh for the work he had 
done in Essex, and pointed out that only public supplies had been dealt with. 
When they came to consider the whole question they would have to consider 
private supplies as well, and in the County of Essex this would be a very large 
thing. He was inclined to think that in some cases the county councils ought 
to be helped by Government in the matter. He was glad to say that his former 
branch of the Civil Service, the Geological Survey, had done something in a 
small way on the same lines as Dr. Thresh. Of one county it had published an 
account of the “‘ Water Supplies from Underground Sources in Sussex.” That 
was nearly the whole supply. No doubt the record was imperfect, but in these 
things they would never do anything if they waited for perfection. The great 
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thing was to make a beginning and to publish what information they had, then 
they would obtain further information later on. The Geological Survey was not 
stopping at that county, but was printing a similar memoir for Berkshire. He 
hoped that the Geological Survey would continue this work, although only 
touching the fringe of a big subject. It would help the authorities, as Dr. 
Thresh had remarked, to deal with these questions upon accurate information. 
One drawback was, of course, the ridiculous boundaries in many cases given to 
counties. They were prescribed not by any natural features and on no earthly 
rule: possibly the agitation which they were starting might lead to bettir 
demarcations and boundaries than they had at present, for these had nothing 
to do with the watershed areas, and often nothing to do with rivers. He 
thought that a great advance might be made by some collection of water- 
statistics and water-enquiries such as Dr. Thresh had made for Essex, which he 
hoped might be carried out even more fully in that county. 

Tue CHAIRMAN said that he had four motions handed to him, and he 
intimated that those which the Conference adopted would be submitted to the 
Council of The Sanitary Institute to be dealt with as the Council might think 
fit. The resolutions were as follows :— 

One by Mr. Sippaxzs (Tiverton): “That in the interests of the Kingdom at 
large it is absolutely necessary that the County Councils should have large powers 
of supervision and control in respect of the question of water supply in their 
respective areas.” 

The next was by Dr. Hopeson (Cheshire): “That the Council of The Sanitary 
Institute be asked to urge the County Councils to investigate the existing con- 
ditions of the water supplies within their district with special reference to quality 
and quantity of such supplies; that the real or probable contamination of springs, 
wells, and streams used for potable purposes should be particularly noted with 
chemical and bacteriological analyses: that attention should also if possible be 
directed to such additional or improved sources of water supplies as may be 
provided at reasonable cost.” 

The third resolution was by Mr. Burgess (Liverpool): ‘“ That in the opinion 
of this Conference the purity of the water supplies throughout the country can 
only be effectively secured by placing such supplies in the hands of representative 
bodies directly responsible to the consumers.” 

The fourth resolution was by Mr. J. Parry (Liverpool): “That in the opinion 
of this Conference legislation is urgently required for the better preservation of 
the water supply of the county by amending provision 61 of the Water Works 
Act, 1847, and by making the procedure under the Rivers Pollution Act, 1856, 
more rapid and effective.” 

The first three motions were agreed to unanimously, and they stood referred 
to the Council of The Sanitary Institute, but the fourth motion, that of Mr. 
Parry, on a show of hands was lost. 

A vote of thanks to the Chairman closed the proceedings. 
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WATER SUPPLY & RIVER POLLUTION. 
By Professor HENRY ROBINSON, M.Inst.C.E. 


(FELLOW.) 


WaTER SUPPLY. 


PROPOSE to refer briefly to a few points which, I think, deserve promi- 
nence at this time in connection with the subject of Water Supply. 
At the Southampton Congress of this Institute in 1899 I called attention 
to the necessity for dealing with watersheds on comprehensive and well- 
considered lines, with a view to ensure the conservation of flood water, by 
which the increasing requirements of our large centres of population 
would be met, at the same time that the flow of the streams would be 
rendered more uniform, and injury by floods would be diminished. In 
storing flood water for domestic use it is necessary that the storage reser- 
voirs should be of sufficient capacity to enable the objectionable matters 
which inevitably come down with floods to be arrested in the passage of 
the water through the reservoir to the point of discharge. If this self- 
purifying action cannot take place, owing to the capacity of the reservoir 
not admitting of its being effected, then the water stored can only be 
used for Compensatory and for Power purposes, or for Irrigation or 
Canal systems, unless filtration is provided. 
It is not many years since engineers had to exclude to a great extent 
waters of the kind referred to from an impounding reservoir, on the 
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ground that water once polluted remains always polluted. I combated 
this view in a paper that I read in 1885 before the Surveyors’ Institution, 
and argued that the suspended matters that are brought down in floods 
would be removed by natural deposition, and that undesirable organisms 
would be unlikely to continue to live when the conditions necessary for 
their existence had entirely disappeared in the presence of sedimen- 
tation, light, and other adverse influences. In speaking of pathogenic 
bacteria I suggested that when they pass into an uncongenial or an 
unnatural medium, their existence is attended with difficulties tending 
to their destruction rather than to their propagation. This view 
I acted upon in 1892, when I brought before Lord Balfour’s 
Commission on London Water, proposals to construct economical reser- 
voirs in natural valleys in the Thames basin for the storage of flood water 
to meet the future requirements of the Metropolis. The change of 
opinion that has taken place in a few years in regard to this question 
may be illustrated by referring to the opinion that was expressed in the 
report of Lord Balfour’s Commission, which was to the effect that flood 
water was “highly objectionable and undesirable”; whereas in the recent 
report of Lord Llandaff’s Commission on London Water it is stated that 
“no restriction need be placed on taking flood waters.” This later 
opinion I think will be acted upon as regards the Metropolis, and will 
also furnish a solution of the problem of providing for the requirements 
of our towns, which, even now, is a pressing question in many places, 
and will be more acute as years go on. 


RiIvER POLLUTION. 


In an address that I gave at the Parkes Museum in 1885 I recorded 
the many efforts at legislation which had taken place, and the reports of 
Royal Commissions that had been issued, dating from the year 1863, 
when Lord Palmerston’s attention was directed to the subject of the 
pollution of our rivers. I stated then that the 1876 Act was practically 
a dead letter. What has taken place since may be described in the 
following quotation from the recent ad interim report of the Royal Com- 
missioners on Sewage, namely, “we are satisfied that the Rivers Pollution 
Prevention Act, 1876, has not resulted in the general purification of our 
rivers,” and the opinion is expressed that a new Department of the Local 
Government Board should be created, to be a Supreme Rivers Authority. 

The pollution of rivers by trade refuse has to be considered from a 
different standpoint to that from sewage outfalls. To use a river to get 
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rid of foul matters which are the result of carrying on profitable 
manufacturing operations may fairly be characterized as an abuse 
of the river where the polluting matter can be arrested either at a 
trifling expense, or in many cases with actual profit. As far back as 
1872, the Second Commission on River Pollution in its Fourth Report 
stated as follows: ‘‘ Methods have been described in our Reports involving 
no excessive expenditure by which the foullest liquid waste from manufac- 
tories can be adequately cleansed. We believe that the adoption of none 
of them will inflict any injury at all upon manufacturers; indeed, we have 
every reason to conclude that their adoption will save the manufacturers 
of this country from inflicting considerable injury upon themselves, 
whilst by preserving the whole course of rivers in a comparatively clean 
and useful condition, they will tend powerfully to the extension of manu- 
factories upon their banks. One of the most crying evils in manufac- 
turing districts is the want of clean water, and therefore every successful 
effort to make dirty water again useable is a gain to manufacturers.” 

Since that time something has been done in the direction of preventing 
river pollution where special Parliamentary powers have been granted to 
Authorities (as to the Mersey and Irwell, and West Riding of Yorkshire 
Boards), and which have been put into motion. I think that a certain 
amount of elasticity must be given in enforcing rules and standards of 
purity of effluents, and that cases must be carefully considered to avoid 
applying a rigid standard of purity under totally different circumstances. 
There are exceptional cases where the stringent enforcement of a high 
standard would involve an outlay on remedial works that might prevent 
the trader continuing the business upon which a large population might 
be dependent for a living. I was engaged in such a case recently where, 
whilst it was admitted that pollution took place (although some attempt 
had been made to abate it) it was shown that to be compelled to carry out 
the necessary works to purify the effluents would involve the closing of 
the establishment. In that case the legal point was also raised that the 
pollution existed in 1876. At all events, no Order was made. 

With reference to effluents from sewage outfalls, recent experience 
enables many of the difficulties to be solved which engineers have to 
encounter, as the last few years have brought into practical shape remedies 
which were not previously available. I regard the utilization of bacteria 
in anaérobic or aérobic chambers as the solution of many existing troubles. 
The preliminary breaking up of organic matter by anaérobes enables the 
resultant liquid to be utilized on land for agricultural purposes with 
greater_advantage than where the sewage is applied in its crude state. 
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Where sufficient land is not available, or where it is unsuitable for 
sewage disposal, then the further treatment of the liquid in aérobic beds 
enables any required standard of effluent to be attained. Inasmuch as the 
purification of foul fluid by aérobic action is dependent on aération, it 
would appear best to subject the fluid constantly to exposure to the air. 
This would be better effected when the liquid trickles over open 
surfaces of hard stone, clinker, or other material in the aérobic beds than 
would be the case were the bed worked on the intermittent system, 
namely, first filled, then emptied, and then left to rest. Iam aware that 
difference of opinion exists on this point, and prefer to keep an open mind 
on the subject at present. 

The ad interim Report of the Royal Commission on Sewage may be 
regarded as removing one of the difficulties that engineers have had to 
meet in regard to one of the requirements of the Local Government 
Board, which has been that a definite area of land, in respect to population, 
should be obtained under all circumstances for the final treatment of 
efluents, whatever the system of treatment may be, or whatever the 
character of the soil may be. It is stated in this Report that peat and 
stiff clay lands are unsuitable for the purification of sewage. It is also 
stated “that there are cases in which the Local Government Board would 
be justified in modifying, under proper safeguards, the present rule as 
regards the application of sewage to land.” Also that “no general rule as 
to what these safeguards should be can be laid down at present, and 
indeed it will, probably, always be necessary that each case should be 
considered on its own merits.” The relaxation of the rule in regard to 
land is obviously right, as its enforcement often involved the anomaly of 
good porous land being placed in the same category as stiff clay land. 
As a late eminent Queen’s Counsel humorously put it (at an Enquiry), an 
acre of ducks’ backs and an acre of road metalling are regarded in the 
same light in respect to their capabilities to filter sewage. 

The application of sewage to land must be governed by sanitary, 
agricultural, and economic considerations, but these are not always kept 
clearly in mind. I am dealing with a case now where I have adopted 
bacterial treatment instead of irrigation (although land of suitable quality 
is available), as my clients have decided that there is no advantage in 
cultivating crops for which there is no market, a condition which prevails 
in the district I refer to, at the same time the value of land is high. 

The expression of opinion in this ad interim Report that each case 
should be considered on its merits is a sensible and useful pronouncement, 
and will prove helpful in dealing with the varying conditions of cases in 
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practice. It is seldom that two cases are alike. I find the necessity for 
constantly modifying arrangements to suit the varying circumstances 
that occur in practice. No two rivers are alike, and no two outfalls are 
quite under the same conditions. It is necessary to recognise this, so that 
intelligent inquiry be given to each case, with a view to determining what 
standard should be required. If a drastic rule is made to apply under all 
circumstances, it will bear hardly on places where, say, the volume of fairly 
good effluent discharged is trifling compared to the flow of the river; or, 
say, where the point of discharge of the effluent is where no possible 
objection could be raised or cause of nuisance arise, as in the case of a sea 
outfall with a set of the tide seaward at all times. 

Again, an effluent which may not be chemically or bacterially perfect, 
might, under certain conditions, be admitted to a stream of much greater 
volume, in which it would be exposed to oxygenation, the self-purifying 
action of plants, etc., by: which it would in a short run be completely 
purified. 

There are many other matters that could be touched upon in dealing 
with these important subjects, but I confine myself to the foregoing, as 
in contributing this paper to the Conference I make no pretence of doing 
more than very briefly referring to a few matters with which I have for 
many years been connected in my practice. 


(For discussion on this paper see page 536.) 
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THE CONTROL OF WEIRS AND DAMS 
ON STREAMS IN RELATION TO 
RIVER POLLUTION. 


By A. G@. LEIGH. 


(MEMBER. ) 


ABSTRACT. 


S one whose duty it is to detect and prevent river pollution as far as 

the existing Act empowers, and consequently a constant observer of 

what takes place in regard to those rivers, I desire to bring to your notice 

a subject which, in its relation to river pollution, does not seem to have 
received that amount of attention which it deserves. 

Those who are acquainted with weirs and dams on the streams* of 
congested manufacturing districts, where bleaching, printing, dyeing, 
paper-making, wool-washing, &c., are the dominant trades, will readily 
appreciate the importance of the subject, and, I believe, support this 
effort to shew the necessity of remedial measures. 

Weirs and dams, as they exist in such districts, constitute an evil 
which can hardly be exaggerated. They are the source of a deleterious 
and malodorous nuisance, and are formidable obstacles to river purifica- 
tion, tending in fact to nullify the good work which might otherwise 
accrue from the enforcement of the Rivers Pollution (Prevention) Act. 
Many of those with which I am familiar are situate on streams the dry- 
weather flow of which consists almost entirely of manufacturers’ and 
sewage effluents. They are without valves, or any means of flushing or 


* For the purposes of this paper the word “streams” applies to natural water-courses, 
the water of which is largely impounded for purposes of water supply or water power, and 
used in processes of manufacture producing waste effluents necessitating treatment. 
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cleansing, and, having been in existence decades, have become harbours of 
filth of the most objectionable character. Others possessing valves are 
seldom—and in some cases never—cleansed. Owing to this lack of 
system in their management the stream is never free from a series of 
intermittent fouling pits. In times of storm, when storm overflows come 
into operation, when road scourings pour into the streams, when the 
manufacturer chooses to sludge out his so-called fresh-water lodge— 
(which, by the way, the law permits: vide “Ribble Joint Committee v. 
Haliwell & Co., 1898,” and others)—when occasionally the carcases of 
animals, ash-pit refuse, and (not infrequently) infected articles are thrown 
in with the flood as the easiest means of getting rid of them, it is not 
difficult to conceive the state of a stream immediately behind these weirs 
and dams. The benefit usually derived from a storm is, under such 
conditions, only slight and of a very temporary character, owing more to 
dilution than to cleansing effect. And, likewise, in normal weather the 
matters falling from suspension and solution eventually accumulate behind 
these obstacles. The self-purification of streams under these conditions is 
impossible; oxygenation and bacterial action cannot appreciably improve a 
stream the water of which is being constantly contaminated by contact 
with a succession of partially stagnant filth pits. Manufacturers and 
local authorities are doing everything in reason to improve their waste 
efHuents, but the results of their efforts under these circumstances are 
neither apparent nor felt. It is self-evident that this is an indispensable 
factor in the consideration of the question of rivers purification, and that 
legislation is necessary, making it compulsory for those who impound the 
stream for purposes of water supply or water power to provide means of 
cleansing at such points by adding valves or penstocks to their weirs or dams. 
It is also evident that power of control over weirs and dams is desirable. I 
venture to suggest that such powers would be most advantageously exer- 
cised by the Rivers’ Authority having jurisdiction over the watershed, and 
that they onght to comprise, inter alia: (1) the removal of disused and 
abandoned weirs and dams; (2) all plans of proposed schemes for flushing 
to be subject to the approval of the said authority—(this would ensure 
effective and properly constructed means of cleansing); (3) the limited 
control over arrangements for flushing. I use the word “limited” 
advisedly, having regard to prescriptive water rights. The time of 
opening such valves could be arranged to suit the convenience of the 
parties concerned—as, for instance, during heavy rains, also at week-ends 
and on holidays, when the works are at a standstill. I would even go 
further and suggest an additional power, viz., (4) the removal of any 
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obstruction to the flow of the stream, as falls of earth, undue accumula- 
tions of stone and other adventitious matter. These smaller filth inter- 
ceptors are, in some cases, becoming so extensive and numerous that 
matter in the stream cannot possibly get away. The Rivers Pollution 
(Prevention) Act provides against offences causing obstruction to the due 
flow of the stream, and why not confer the power of removal of existing 
obstructions ? 

What, I think, is really required is a staff of river scavengers under 
the direction of the Rivers Authority. These men, divided in parties, with 
districts assigned to each, ought to commence at the source of a stream, 
working downwards, removing all unnatural obstructions and abandoned 
weirs and dams, levelling the bed as far as possible, and (according to 
pre-arrangement with the millowner or manufacturer) to flush and cleanse 
out the stream and sluices behind weirs and dams, and in this manner to 
traverse its whole course. A staff of men thus employed would very soon 
considerably improve the sanitary condition of streams, and what has 
taken many years to form would be removed in as many weeks. If the 
flushing were continued frequently, as opportunity occurred, any collec- 
tions of organic matter would be carried away kefore decomposition had 
time to set in; and—equally important—by being relieved of these smaller 
filth interceptors the stream would have an unimpeded flow and would 
carry its burdens with it. In due course the manufacturer and millowner 
would be largely benefited in having a purer water supply and more whole- 
some sanitary surroundings. I am aware that the process would, for a 
short time, give rise to an almost intolerable nuisance; but better bear this, 
and improve matters, than tolerate and suffer an ever-increasing nuisance. 

The work of cleansing, in the first instance, could be carried out 
without any interference with water-rights. By temporarily damming 
the stream at some convenient distance above that portion to be cleansed, 
the mill-stream or manufacturer’s intake could be fed by means of a 
trough connected with the dam, and any excess similarly conveyed over 
the weir. The supernatant water behind the weir could then be drained 
off, or siphoned over the sill, and the sludge pumped or elevated into 
suitable carts and disposed of. After cleansing, the re-filling could be 
done gradually, so as not to appreciably diminish the flow of the stream. 
This method would be applicable in most cases, but the means used would 
of course be governed by local conditions. 

Before closing, I desire to make a brief reference to the paving of the 
beds of streams through towns. Being cognisant of the advantages of such 
sanitary improvement, I merely wish to emphasize its importance. It is 
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very gratifying to know that many authorities are already alive to the 
importance of this question, and taking practical steps to deal with it. 

I need hardly point out the impossibility of dealing in this short paper 
with the broader aspects of the question; but my endeavour has been to 
bring before you, in a concise and descriptive manner, an evil which— 
seeing that it affects the public health and comfort, and counteracts the 
desired effect of the Rivers Pollution (Prevention) Act—warrants the 
active interest of those sanitarians on whose efforts the removal of that 


evil largely depends. 


(For disenssion on this paper see page 536.) 
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PREVENTION OF POLLUTION WITHIN 
THE THAMES WATERSHED. 


By HUGH W. RUSSELL. 


O question that affects the health of the vast population of the 

metropolis is of greater importance than the prevention of pollution 

of the Thames and its tributaries, London being dependent for four-fifths 
of its water supply on the Rivers Thames and Lea. 

The necessity of preserving the purity of the water of the River 
Thames has been recognised for many centuries, for in certain orders 
made by the City Authorities during the mayoralty of Sir Thomas 
Pullingson in 1584, it was provided that no dung, rubbish, or other filth 
should be cast into the Thames, and subsequently in 1630, during the 
mayoralty of Sir Thomas Ducie, a similar order was made, the penalty 
for any infraction being £10, with imprisonment at the discretion of the 
Lord Mayor. From time to time thereafter similar orders of a more or 
less stringent character were made. 

The Thames Conservancy Act of 1857, which incorporated the Thames 
Conservancy Board, conferred powers on the Board for preventing pollu- 
tion of the main river below Staines, and these powers were from time to 
time enlarged and extended to the upper river and the tributaries until, 
in 1878, the Conservaturs were empowered to prevent pollution of tribu- 
tary streams at any point within ten miles of the Thames above the 
western boundary of the metropolis. These powers, although exercised to 
the full, were found to be far from effectual in preserving the purity of 
the river, and it was not until 1894 that Parliament, recognising the 
necessity of ensuring a pure source of water supply for the metropolis, 
granted to the Conservators control of the entire watershed of the Thames 
above the western boundary of the metropolis, and over the tributaries 
for a distance of three miles from the river below that boundary. 

Within those limits no stream or watercourse is allowed to be polluted 
by the discharge of sewage or other offensive or injurious matter, under 
penalties ranging, according to circumstances, from £20 to £100. 
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This vast area, which is over 5,000 square miles in extent, reaches from 
Banbury in the north to Haslemere in the south, and from Cirencester in 
the west to Leigh (Essex) in the east, and is supervised by a staff of 18 
Inspectors and Assistants. 

To ensure the efficiency of such supervision each Inspector is made 
responsible for a particular district, and is required to devote himself to 
the inspection of all watercourses within that district, with the object of 
detecting any source by which they may be contaminated. He has also to 
keep all effluents from Sewage Farms under constant observation, and 
periodically to take samples for analysis, so that any deterioration in the 
purity of the efluent may be at once detected and dealt with. 

The Officers, who keep a daily record of their inspections, are con- 
trolled by a Chief Inspector, whose duty it is to see that proper vigilance 
is being exercised in the entire watershed. 

Samples of water are taken periodically from the Thames at different 
points above the intakes of the Water Companies and submitted to 
Professor Groves, F.R.S., for analysis, and that gentleman has reported 
that, owing to the action taken by the Conservators under their Act of 
1894, the amount of organic impurity dissolved in the water immediately 
above the intakes is only about two-thirds of what it was before the 
passing of that Act. 

The granting of these enormous powers to the Conservancy Board was 
not carried without strenuous opposition from the districts affected. The 
great controversy rested on the point where the pollution should be tested, 
—whether at the actual source of pollution, or at the point where the 
tributary entered the stream. The Legislature eventually decided that 
the actual source of pollution should be traced and dealt with, and ex- 
perience of the practical working of the Act has led me to the conclusion 
that, on the whole, that was a wise decision. At the same time it is one 
that may lead to unnecessary and irritating interference in many cases, and 
the authority entrusted with powers for preventing pollution should, I 
think, have a discretionary power in putting into operation the penal 
clauses of the Act. There are cases where the pollution proceeds from 
farmyards, single cottages, or very small collections of houses, draining 
into ditches probably dry during a considerable portion of the year, or 
flowing into ponds which act as settling beds, and on leaving which the 
pollution is not to be detected,—all this occurring at places distant from 
the river perhaps forty, fifty, or sixty miles. 

In carrying out successfully such a vast work as has been described, 
the co-operation of local authorities is most important, and in many cases 
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this is most difficult to secure. Small and poor communities are called 
upon to carry out sanitary schemes of a character beyond their own 
modest requirements, in order to ensure the purity of the river, and are 
heavily taxed for this purpose because they happen to be situated within 
the drainage area of the river that supplies London with its first necessary 
of life. This undoubtedly constitutes a grievance and an obstacle to the 
effectual prosecution of the work. 

These considerations demand the exercise of the greatest care and 
discretion in the administration of such far reaching powers as the 
Conservancy have been entrusted with by Parliament, and a Committee 
of the Conservators is specially appointed for this purpose. 

The Committee have acted on a general principle not to unduly harass 
or press communities which show a genuine desire to meet the require- 
ments of the Act, and their labours have been lightened in no small 
degree by the readiness with which many of the local authorities and 
owners of. private property have acquiesced in the diversion from the 
watercourses of offensive matter previously discharged into them. 

The absence of any powers to deal with manufacturing refuse put 
into a tributary beyond the present limit of jurisdiction, three miles from 
the main stream, has been a source of difficulty. A case in point occurred 
at a mill on the Wycombe stream, where the China clay used in the 
manufacture of paper, discolours and altogether alters the appearance of 
the stream. It is, moreover, alleged that fish have been injuriously 
affected by this refuse. 

The discharge, however, is not “sewage or other offensive or injurious 
matter” within the meaning of the Thames Act, and as the manufacturing 
premises are more than three miles from the Thames the Conservators 
cannot deal with the discharge as trade refuse, and are consequently unable 
to insist on its diversion from the River, and it would, therefore, seem to 
be advisable to further strengthen the powers of the authority in this 
respect. 

My experience of the working of the Thames Conservancy Act of 
1894 has led me to the general conclusion that, when entrusting an 
authority with powers to prevent river pollution, such authority should 
undoubtedly have control over the whole watershed, not over the main 
river only, but also over all its tributaries. Local sanitary authorities 
may be so constituted that, though imbued with the best intentions, they 
may find it almost impossible to bring pressure to bear upon local manu- 
facturers, possibly large ratepayers, and possessing great influence upon 
their local representatives. 
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It is, I think, also advisable that there should be no distinction 
between the powers relating to the main stream and its tributaries; what 
constitutes an offence in the one case should apply equally to the other. 

Lastly, I may point out that small communities, when called upon to 
divert pollution from streams, often experience much difficulty in deciding 
what measures to adopt to meet the requirements. They are frequently 
without any information as to the methods of treating sewage, and have 
not the means at their disposal of obtaining expert advice, their position 
being altogether different to that of large Urban authorities who have 
their staff of professional advisers. 

The Thames Conservators have frequently been asked for suggestions 
and advice on the subject, but they have not felt able to undertake the 
responsibility, their powers being limited to requiring discontinuance of 
pollution, and the position they have taken up would appear to be the 
correct one. 

At the same time, it is somewhat hard on the inhabitants of villages 
and hamlets, after going to the expense of drainage works, to find that 
from lack of proper advice their works prove useless. The officers of the 
authority entrusted with powers for the prevention of river pollution 
must, in the exercise of their duties, gain considerable experience re- 
specting the different methods of drainage disposal, and it occurs to me 
personally that the information so gained might be placed at the disposal of 
some independent body, a branch of one of the Government Departments 
for example, from whom these small communities might obtain sugges- 
tions and advice as to the particular measures necessary for placing the 
drainage arrangements of their respective localities on a satisfactory 
basis. 

T am also of opinion that some means should be found to relieve com- 
munities of at least a portion of the cost where the works found to be 
necessary are in excess of their own requirements, and are mainly for the 
benefit of large centres of population in whose interests these works are 
undertaken. This paper does not, of course, attempt to deal with this 
large subject from a scientific point of view, it only embodies shortly the 
practical experience gained during many years’ work on the Purification 
Committee of the Thames Conservancy, and also of the Port Sanitary 
Committee of the Corporation of the City of London. It is manifest to 
the most casual observer that whatever shortcomings there may still be, 
the condition both of the Upper and Lower River Thames has greatly 
improved since the Act of 1894 came into force; and it would not be 
generous to close this paper without expressing an acknowledgment of 
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the work done by the London County Council by means of their sludge 
boats, in entirely altering the state of the river in the lower reaches below 
their Metropolitan Drainage Outfalls. In consequence of this improve- 
ment an attempt is now being made, which would have been hopeless a 
few years ago, but now promises a reasonable prospect of success, to re- 
introduce salmon into the river, and no more practical proof could be 
given of the beneficent results attending the pains and labours of the last 
few years. 


[This discussion applies to the three preceding papers by Prof. H. Rosryson, 
Mr. A. G. Leian, and Mr. H. W. Russet]. 


Prof. H. Rosrnsoy, M.Inst.C.E. (London), said that a speaker yesterday stated 
that there was in this country enough rainfall to supply ten times the population, 
but it was no use having such a rainfall if the bulk of it passed down our rivers 
to the sea without being arrested for the purposes of the community. His own 
view was from the evidence brought before various public authorities during the 
last few years, that everything pointed to the certainty in the future that waters 
now considered unfit to be admitted into storage reservoirs would be admitted. 
Vast quantities of water now running to waste would be stored in reservoirs 
with advantage to the community. Engineers in designing works would be 
relieved from the responsibility and difficulty which had hitherto obtained of 
having to exclude water from sources even suspected of being tainted, on the 
principle that a river once tainted or polluted is always polluted. That state- 
ment, he ventured to say, was fallacious, as everyone knew that slight organic 
pollution in a clear running stream disappeared in a short time, according to the 
volume of the stream compared with the volume of the water which was slightly 
polluted. The storage of water would relieve many large towns of the difficulties 
with which they are surrounded. Mr. Verney, ot’ the London County Council, 
referred yesterday to the great question of London water, though that matter 
could not be brought definitely before the Conference. Mr. Verney laid down in 
a very positive way that London water in the future would be taken from Wales, 
and regarded the Thames as an abominable source of supply. He (the Professor) 
only wished to put on record his dissent from that opinion, and his conviction 
that the future supply of London would be from the Thames, by the conservation 
of flood waters in reservoirs to be formed in the natural valleys of the Thames. 
If they took a general view of flood waters it would be obvious to anybody not 
an expert that they should utilise the excess rainfall, conveying it from where it 
was not wanted and was even doing injury to property to those parts where it 
could be of use, at the same time equalising the flow of the streams. If they 
took water from streams only when the flow reached a certain definite amount, 


Discussion. 537 


the limited time for abstracting water necessitated putting down pumping plant 
which would enable them in this limited time to take all the water they required 
for reservoirs and storage. By storing flood water and passing it into the river 
to maintain the flow in dry seasons engineers could arrange their pumping with 
much less capital outlay and annual expense. He was extremely pleased to note 
that in the paper of Mr. Russell there were confirmatory views to those which 
he had expressed. One word as to river pollution; he was quite certain that the 
two go hand in hand. If they were going to admit flood waters into the 
reservoirs, the purer the water is in the river the better for the reservoir, that 
was one of the views taken in his paper. He had dealt with the question of river 
pollution from the standpoint of manufacturing refuse, and the impure effluents 
from sewage outfalls. They had all had this problem to deal with for years, and 
how to arrest the inflow of manufacturing refuse into a stream. In many cases 
they had been able to remove the polluted matter by simple means without cost 
to the polluters. There were some cases where the imposition of any onerous 
conditions on the manufacturer might produce the stoppage of the works. He 
had a case like this in his own practice, where to prevent any pollution of a 
river by waste waters from a large manufactory involved remedial works (to 
attain anything like the standard of purity that was insisted on) so costly that 
the directors of the company would have had to close the establishment. The 
manufacturers had been doing all they could, and the Court, to prevent: the 
closing of those works and so throwing a large portion of the population of the 
district out of employment, declined to grant an order. That was an extreme 
case, but his object in referring to it was to suggest the necessity for having a 
considerable amount of elasticity as regards standards. They should not have 
too hard and fast a line drawn in these matters. No two rivers are alike, and 
no two volumes of effluents, in comparison with the volume of rivers, are alike. 
He was perfectly certain that it is wiser and more likely to be productive of good 
under any enforcement of the Rivers Pollution Act if some elasticity was given, 
so that before any standard of purity was enforced an enquiry were to be held 
and the circumstances of the case gone into. This might involve a little more 
expense, but certainly it prevented great hardship and saved evasions of the Act, 
or when the Act was enforced avoided the certainty of many manufacturing 
industries being stopped. 


Mr. W. G. Baenat (Stafford) said: As regards river pollution from sewage, 
He quite agreed with Professor Robinson when he said that ‘‘ recent experience 
enables many of the difficulties to be solved, as the last few years have brought 
into practical shape remedies which were not previously available.” In our 
county, which is central, and which has a population of nearly 1,000,000 apart 
from the five county boroughs, land is in most cases either unavailable or of a 
clayey nature, and consequently useless for the purposes of purification, and 
as the streams find their source within the county, and as in many cases the 
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sewage or effluents from the works exceed in quantity the natural flow of the 
stream it can well be imagined in what condition those streams are. After the 
passing of the Rivers Pollution Bill, through pressure, or otherwise, many of 
the authorities endeavoured to combat the question. Schemes were prepared 
chiefly on the lines of precipitation and land filtration. The Local Government 
Board sent their inspectors down to hold inquiries. The schemes were passed, the 
money was granted, and the authorities and ratepayers issued a sigh of relief, 
believing that a difficulty had been overcome, being quite convinced that the 
schemes would not be passed by the Local Government Board unless they would 
work satisfactorily. After the work was complete, samples of the effluents could be 
held up in a glass and shown to be clear. Now, when the County Councils took the 
matter up, seeing that their streams had thirty-five or forty years ago been clean 
and with a gravelly bottom, but were then in a filthy condition, and commenced 
to analyse the effluents, which he added was done every two months, there was 4 
rude awakening. The Council pointed out to the authorities that although to a 
certain extent the organic matter in suspension had been removed, that in solu- 
tion had not, and consequently subsequent putrefaction took place, which made 
the streams foul and the beds were deposited with black sludge, which in the 
case of one stream amounted to the thickness of several feet. It was proved 
that the land was of no value for the purpose, and that with the exception of 
three or four cases no suitable land could have been obtained. In short, the 
schemes had failed, and a vast sum of money had been thrown away. How was 
this to be remedied? The public cried out for pure streams. Our Council 
requested the Local Government Board to send us notices of any inquiries that 
would be held in the County, as we had a very efficient County Medical Officer, 
and our only wish was to assist those counties whose schemes we might approve 
and prevent mistakes and useless expenditure. We pointed out that with the 
local knowledge the opinion of our County Medical Officer would be valuable, 
and would be of assistance to the inspector when deciding whether he should 
report favourably on the scheme or not. Now, seeing, as he had said before, that 
much money had been thrown away, one would have imagined that the Local 
Government Board would have gladly assented. It was met with a blank 
refusal. By pressure from the County Councils’ Association and other sources 
the request was finally granted. Seeing that the Local Government Board 
minute, which lays down the rule that a certain amount of land is required in 
every scheme, was rigidly adhered to, our County Medical Officer suggested that 
certain experiments should be made to see whether sewage could be dealt with 
after precipitation in artificial filter-beds. Many most interesting results were 
obtained, and he clearly showed that the system was a success, and, further, that 
sewage in its crude state could be dealt with in a perfectly satisfactory manner, 
giving an analysis showing less than 05 albuminoid ammonia, not only after pre- 
cipitation, but with the crude sewage in an intermittent flow over three beds of 
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filters, commencing with the coarse and ending with the fine. It may seem 
strange to some, but we tested these filter-beds without precipitation until the 
solid matter should have exceeded by five times the total-capacity of the beds, 
but it had disappeared, and the material was as clean as when originally put in. 
One authority was in dire distress and at their wit’s end owing to a sequestra- 
tion order, when it was decided that the effluent from the precipitation-tank 
should be distributed over beds containing sifted coal slack, an idea which 
originated in our county, and the whole of the sewage from Lichfield is treated 
in that way with most satisfactory results. We want to extend this system, but 
the restrictions as to land make it in many cases impossible, especially where 
land has not already been obtained. He was an engineer, not a chemist, but it 
seemed to him that the most natural way of dealing with the sewage was, as Pro- 
fessor Robinson said, ‘‘ By the liquid trickles over open surfaces of hard stone, 
clinker, or other material in aérobic beds,” as against the contact or unaérobic 
system. There are difficulties in distribution in the former case, but should 
readily be overcome. The question was now, Are the Local Government Board 
going to be reasonable (they seem to be better in this respect than they were 
during the last réyime), and will they deal with the various districts on their 
merits? As Professor Robinson points out, they differ so much in character, 
the conditions being seldom identical in any two cases. If land is still to be 
insisted upon under all circumstances, the Rivers Pollution Bill will be a dead 
letter in this county. About three years ago a scheme was proposed by a small 
town. Our County Medical Officer expressed his view that experience did not 
justify the course proposed to be adopted. It was passed and he was right, and 
the authority are now in a sad dilemma. If the Board will grant money for 
schemes that are based on reason and experience, we shall see our way to having 
before very long, not precisely the silver streams of past days, but streams that 
are not a disgrace to a county or governing authority. In conclusion, he would 
add that he did not think the Local Government Board were justified in passing 
schemes on hard-and-fast lines only and without definite knowledge. Conclusion 
three in the interim report says :—“ It will be desirable for some time to come 
that scientific experiments should be carried on in order to ascertain all the real 
dangers of pollution, &c.,” with which he entirely agreed, and the Local Govern- 
ment Board should not be relieved of all responsibility, and inspectors should be 
better posted and informed. He could not deal with pollution from manu- 
facturers’ waste. The subject was complicated. Our county was affected by the 
well-known waste pickle. We have not yet come to terms as to how far the 
manufacturers and respective authorities should be responsible for the neutraliza- 
tion of tin acid, and we can expect little assistance from the Local Government 
Board, who appear to refuse as far as possible every application for permission 
to take action. He need hardly point out that the acid would absolutely ruin 
bacteria beds or land filters. 
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Dr. G. Rerp (Medical Officer of Health for the County of Staffordshire) 
observed there was one point to which he specially wished to call attention, and 
that was in reference to sewage disposal in relation to water supply: in other 
words, as to what extent the sewage disposal authority should be expected to go 
in purifying their sewage from the point of view of the water supply authority. 
He was glad to hear that Prof. Robinson was not in favour of standards of 
purity, and for the same reasons that had been given he was opposed to their 
adoption. He thought they ought to draw some distinction on broad lines 
between what ought to be done and what need not be done, but the question 
was where should the line be drawn. From a sewage disposal point of view all 
that they had hitherto thought necessary was to so alter the organic constituents 
of the sewage that the effluent would not subsequently putrefy, and that it 
should be sufficiently pure to sustain fish life. Now, this much we could do 
perfectly well, especially by some of the more modern methods, but such treat- 
ment did not carry with it the removal of bacteria, including pathogenic 
organisms. The question, therefore, was: Are the water authorities going to ask 
the sewage disposal authorities to carry purification to the extent of converting 
sewage into drinking water? If that is to be the position it will involve enor- 
mous outlay on the part of authorities, many of whom have already twice spent 
their money, first in failure and secondly in success—that is up to the point 
which hitherto has been considered satisfactory. The Sewage Disposal Com- 
mission had, he believed, taken a large amount of evidence with regard to this 
particular point, and if that Commission were likely to suggest that local 
authorities should remove bacteria from their effluents as well as purify them 
from a putrefactive and fish-life point of view, it would be a very serious 
question for local authorities to face, and in many cases it would mean that 
sewage which is now efficiently disposed of by gravitation would have to be 
pumped, the available fall being so limited. He did not think that local 
authorities under any circumstances should be called upon to do that much, but 
even if some of them were called npon to do that it did not follow that all 
authorities should have to submit to the same requirements. Therefore, they 
should have discretionary powers as to what standards should be laid down. 
In Staffordshire it would be ridiculous to suggest that the local authorities 
should remove bacteria from the effluents. In many cases the sewage flow 
equalled half the natural flow of the stream, and in some cases it equalled 
two-thirds of that flow; by what possible amount of treatment, then, could they 
render such river water fit for drinking? There might be circumstances in 
which it would be desirable to exclude bacteria from the effluent, although he 
doubted it, but the question was in such cases: Is this going to be done by the 
Sewage Disposal Authority or by the Water Authority? If the Sewage Disposal 
Authority is to be called upon to do it, in many cases it will involve very great 
hardship, and even if it were done it would not relieve the water authority from 
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the necessity of filtering such water. That being the case surely it was sufficient 
to carry the purification up to the point of non-putrefaction, leaving it to the 
Water Authority to do the rest, if they elect to take water from such streams. 


Mr. F. Tomuinson (Northampton) desired a little information as to some of 
the points raised in Prof. Robinson’s paper. For instance, Prof. Robinson said, 
“The preliminary breaking up of organic matter by anadérobes enables the 
resultant liquid to be utilized on land for agricultural purposes with greater 
advantage than when sewage is applied in its crude state.” What they in 
Northampton were particularly anxious to know was if this referred simply to 
anatrobic action or was it to be followed by aérobic action. If it was anaérobic 
solely then they would like to see where it is in operation. The matter was of 
vital importance to Northampton at the present time. They had the whole of 
the sewage treated on 500 acres of land, and the effluent was satisfactory. 
That land was acquired under compulsory powers, and there was a stipulation in 
the order that all fecal suspended matter should be removed before passing it 
on to the farm. That had been done in a somewhat crude manner. The 
Corporation decided to remove these existing works. The farm was quite 
sufficient and analysis showed that the effluent was satisfactory. Northampton, 
although it wished to comply with the terms of the provisional order, did not 
wish to go beyond the provisional order. It had been suggested to them that 
the anaérobie action would remove the fecal suspended matter, and the Com- 
mittee decided to put down a tank and apply to the Local Government Board 
for powers. Some doubt, however, was raised as to what the effect would be 
of simply treating it anaérobically. It was suggested that if they treated the 
sewage anaérobically they would put the matter in suspension into solution, 
and if they put it into solution that the sewage would be much more difficult 
to purify on land than if it was taken out whilst the organic matter was in 
suspension. The representative from Staffordshire had hinted that they found 
that so in their case, and that precipitation removed the suspended matters. 
Most people would admit that precipitation removes very little else than what 
is in suspension. What they were particularly anxious to know was what was 
the result of practical working in the way he had suggested. They were satisfied 
they could produce a satisfactory effluent by their present system, but if they 
could not rely on the anaérobic method for making the sewage less difficult to 
purify than in its crude state then it was a matter for very serious consideration, 
because, as he had already said, the farm was doing their work well, their 
average produce sold for about £5,000 a year, and it could be understood how 
anxious they were that they should do nothing that would make their sewage 
problem more difficult than it was at the present time. 


Dr. 8. Ripgat (London) said that there was only one point on which he 
wished to spesk at that stage, and it was practically to agree with nearly every- 
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thing that Dr. Reid had said in regard to the relation between disposal of sewage 
and water purification. That was very well brought out in the paper by Mr. 
Russell. On page 534 of his paper he had pointed out that in the Thames area 
the small communities above the water companies’ intakes had been put to a very 
great expense in sewage disposal works. This expense bad been brought about by 
the last legislation of the Thames Conservancy, and he, for one, as living above 
the intakes, ten miles or more away from the T'hames, considered it was a great 
burden on him as a ratepayer to have to contribute to sewage purification works 
for bringing the Thames up to a standard which was suitable for a water supply 
for the metropolis. He hoped that in any fresh legislation the two things would 
be kept quite distinct. Sewage disposal works should be works not for producing 
drinking water, but for producing an effluent which would be satisfactory to the 
river as a river. Mr. Russell drew attention to the fact that the Thames 
Conservancy legislation had resulted in producing a river which was suitable 
now for salmon, and that was a very legitimate object for sewage disposal works 
—to bring the streams into a condition suitable for fish life—but to go further 
than that and endeavour to remove pathogenic organisms from the effluent from 
sewage disposal works was not their function. He was more hopeful than 
Dr. Reid that it was possible, and economically possible, for sewage disposal 
works to remove pathogenic organisms. If they relied upon sewage disposal 
works for producing a water suitable for drinking purposes then it was letting 
off the water companies or the water municipalities from doing the legitimate 
work which was their proper function. To a limited extent also costly attempts 
to protect gathering grounds were not nearly so satisfactory as more efficient 
purification nearer the consumer. What they really wanted to do from a 
drinking water point of view was to purify the water just before the consumer 
drinks it. A glass of boiled water cooling down was, theoretically, perhaps. 
the best water for the community, and practical attempts to imitate this 
condition at that end of the whole system of purification seemed to him indicated 
at the present time. 


Mr. A. Bowrs (Newton-in-Makerfield) desired to refer very shortly to 8 
remark in Professor Robinson’s paper, as to the desirability of some elasticity in 
standards of purification. He had particularly in mind the streams of South 
Lancashire, where he had had considerable experience for twenty years in sewage 
treatment, and where for a large portion of the time he had been in the employ 
of a corporation which had amongst its duties the conservancy of a large river 
and its watershed. He thought it was obvious that after twenty-five years’ 
legislation the improvement which had been effected was not at all an adequate 
return for the millions of money which had been expended in sewage works. 
To his mind this was largely due to the fact that legislation was too drastic. 
The Legislature ask for too much. The Rivers Boards, the Mersey and Irwell, 
the West Riding and the Ribble Board, had fixed standards of pollution beyond 
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which the towns must not go, and those standards were too high for the practical 
purposes of treating sewage on a large scale. The County Councils also had 
power to fix a standard, and although, so far as he knew, they had not published 
any fixed standard, in practice they did adopt a fixed standard, and the outcome 
was that they had towns of 15,000 or 20,000 inhabitants which could turn out 
an effluent to satisfy the standard, but in the case of the larger towns that was 
impossible. Where was the town of 150,000 or 200,000 inhabitants that had 
ever done it? In Lancashire they had streams which were inky black, open 
sewers for the most part, and these were thickly dotted with towns. Much 
money had been spent during the Jast few years, and the position to-day was 
that at certain points of the stream there was a town spending the ratepayers’ 
money in turning out a good effluent, while two miles above it there was a large 
town twice its size turning out millions of gallons a day of filth, so that all the 
money and all the efforts of the small town were wasted. There was no doubt 
that from this point of view there should be some elasticity, and he suggested 
that it would be possible to adopt some sliding scale based on the impurity of the 
stream ; that was to say, a certain percentage of purification should be fixed all the 
way along a river, every town being compelled to turn out an effluent a little better 
than the stream into which it discharges, and so the improvement would gradually 
work its way downward to the mouth of the river. As the condition of the 
stream improved, each authority, being still bound to maintain its effluent better 
than the stream, would be compelled to improve its treatment, and the purifica- 
tion required would be automatically raised. The towns would in this way be 
required to do something which could be done, and the waste of money in the 
way he had suggested would be avoided, as the good work of the town in the 
lower part of a river would not be spoiled by the bad condition of the effluents 
obtaining from towns in the upper reaches. At the present moment the law 
required a certain purification, but the law did not get what it required, and he 
therefore suggested some method of this kind as more likely of producing a 
uniform improvement. 


Mr. W. D. Hiaaiys (Borough Engineer or Northampton) said that what the 
Corporation had intended was to put down a tank either covered or open, and 
then after that to run the effluent from the tank on to a straining filter before 
it went on to the farm. They thought by that means they would get a very 
fair effluent, and be able to comply with the provisional order. The sewage 
farm at Northampton was doing its work uncommonly well, and as stated by 
Mr. Tomlinson the effluent was in every way satisfactory. 


Lrevt.-Con, Jones, 9.€. (Finchampstead), said he was pleased to find such 
practical papers as had been placed before the Conference. He wished particu- 
larly to call attention to that of Mr. Leigh on the “control of weirs and dams 
on streams in relation to river pollution.” Living in the water-shed of the 
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Thames above the intakes of the water companies on a height, he was not 
personally inconvenienced, but he had observed the bad condition of many of 
the tributaries and smaller rivers in the area. Obstructions existed in those 
streams which were a source of trouble, and he recognised the incitement given 
by the Thames Conservancy to the local authorities in many cases getting those 
obstructions removed. This was a paper which should not be lightly passed 
over because, as Dr. Rideal had said, he thought it was beginning at the wrong 
end to try and get a perfect effluent for drinking water. They had first of all 
to get rid of the filth if they could, and not allow it to stagnate in the river 
beds. They might turn out the most perfect effluent possible, but if it came 
across a stagnant, dirty mill pool all their work was undone. He thought that 
a great deal of good could be effected all over the country in flushing down 
rivers, and as Mr. Leigh recommended, there should be a staff of river scavengers. 
In the river in which he was particularly interested some of the authorities had 
for the last three or four years cleared out regularly these different areas and 
removed obstructions from the river. One or two authorities had not done so 
and thereby undid the work which the others had done. The Royal Commis- 
sion’s interim report had been alluded to by both Prof. Robinson and Dr. Rideal, 
but he did not think that Prof. Robinson had completely quoted the main 
recommendation of the Commission. The Commission did not recommend that 
there should be “a department of the Local Government Board,” but, for the 
control of rivers, a separate commission, or a new department of the Local 
Government Board. This subject required to be discussed, and no doubt in the 
future report of the Commission this matter would be made more definite. 
Personally he did not think they could have a better authority than the present 
River Boards, if they would extend their authority to the water-sheds at the back 
of the rivers as was done in the north and in the case of the Thames Conser- 
vancy. This might probably be combined with the recommendation. One 
useful and practical point of this interim report was generally passed over, 
namely that the Local Government Board have been justified before that 
Commission in a matter over which they had been subjected to a great deal of 
abuse all over the country by the advocates of artificial systems. They had been 
abused in the agitation over the abolition of sewage farms in order to introduce 
artificial systems. Now the first thing the Commission did during three years 
careful consideration was to subject sewage farms all over the country to test 
and inspection. They reported that they could not condemn any land as not 
useful for sewage irrigation, but that they regard peat and very stiff clay as 
generally unsuitable for sewage purposes. They recommended, however, a 
slight relaxation of the conditions on which the Local Government Board always 
insisted with regard to sufficient land always being taken for the purpose. One 
point was made very clear that we had had schemes for chemical precipitation, 
electric treatment, and all kinds of things year after year, and lately Mr. Dibdin’s 


DIScussIoNn. 545 


discovery and work had brought forward the natural treatment by water as well 
as by land. Mr. Dibdin had ventured further than other people, and discovered 
that microbes acted in water, but in land best. Other people had followed him 
with all sorts of schemes, and they were now all classed by authority of the 
Royal Commission under the term “artificial.” The advocates of the new 
theory began by protesting that they were acting by natural agency, and he 
thought it was as well that the distinctions should be drawn, Land was the 
only natural process of getting rid of sewage—nature’s approved process—and 
all other processes were artificial. 


Dr. Rriey (Great Yarmouth) said it was most important in his own opinion 
and in the opinion of the Urban Sanitary Authority of which he was the 
Chairman, that no sewage containing pathogenic organisms should be permitted 
to flow into a stream leading to a source of water supply. The tendency of to- 
day was to imagine that the whole onus must be thrown on the water company 
to remove any pathogenic germs that might exist in the water. Surely that was 
not beginning at the right end, because if the company’s filtration process broke 
down, what other barrier was there between the community and water borne 
disease. He contended there was much need for sanitary reform in the rural 
districts both for their own sake and that of their neighbours. In fact, the idea 
of sanitation in many parts of the country was simply medieval. There was no 
other idea beyond pouring the sewage of the village into the nearest ditch 
wherever that might lead, and only too often it led on to the water-shed area 
from which important municipalities got their water supplies. They would 
begin at the wrong end, unless they endeavoured to produce a state of things 
which would ensure water being as free as it possibly could be from pathogenic 
germs before it was allowed to flow into streams or lakes, which might be the 
only available sources of public water supplies. 


Mr. H. W. Russet (Berks C.C.), in replying to the various speakers, said 
that he had been anxious to present his subject in such a way as not to allow of 
any controversy on the subject of the London water supply. The question 
raised in his paper was not as to whether the Thames was the best source of 
supply for the water of London; the Thames at the present was the source of 
water supply, and for many years, whatever new arrangements were made, must 
be the water supply, for this large population of five or six million people. There 
was no apology for bringing this subject before such a Conference dealing with 
general questions. The experience to be derived from the experts present on 
such a subject he felt was of wide and universal application. He had been 
engaged on the Purification Committee of the Thames Conservancy and on other 
great sanitary authorities, the Port of London Sanitary Committee, and so on, 
ever since the Act of 1894 was passed. His experience in carrying out the pro- 
visions of that Act bad been great. By that statute the whole of the water-sheds 
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of the River Thames were placed under the control of the Conservancy ; it was 
an enormous work, but it had been very successful. It was not a question of 
the river itself, but every tributary, ditch, and every possible source of pollution 
for the whole of the watershed of three or four thousand square miles above the 
intake of the water companies came under that body. They had met with some 
difficulties, but happily most of them were overcome. He hoped the local bodies 
would see the force of some of the suggestions that had been made. It was 
highly important that they should have the co-operation of the local bodies, and 
that co-operation was very difficult to get sometimes. Large urban communities 
saw the importance of sanitation and were prepared to carry it out in every way, 
but when they were dealing with a country district sparsely populated, village 
or a single farm, and these had to be called on to take measures for sanitary 
purposes vastly above their own requirements, the difficulties in the way were 
obvious. They naturally objected to pay for works which would benefit a - 
metropolitan population, and he was of opinion that in this case there should be 
some contribution towards the expenses of these small communities in doing 
work which was needed by larger communities miles away. The officers con- 
nected with these various local authorities were every day gaining valuable 
experience of general conditions, and different places, and mode of treatment, 
and it seemed hard that they should simply say to some place you must remove 
this pollution without giving them advice. Why should they not give advice? 
for ap enormous amount of information had been collected. He thought it 
should be put in the hands of some responsible body—a government department 
for instance—who could help these small communities, not the big towns which 
had their own expert advisers—but the small communities not in touch with 
expert advice, who frequently over and over again had adopted various plans only 
to find them useless. These things were serious matters for small and poor 
authorities, yet the importance of their being in a proper sanitary condition was 
obvious. The Conservancy had a great deal of difficulty in dealing with manu- 
facturing and trade refuse which ran into the tributaries which did not come 
exactly under the term ‘dangerous to public health.” The Thames Conser- 
vancy power extended over the tributaries, but not to the extent of dealing with 
refuse, as the local authority had to deal with that, and they had a great many 
instances of paper manufacturers discharging their refuse into the river and 
destroying the fish. They tried to bring pressure on the Council, and the Local 
Government Board had done the same, but there are county councils and 
county councils, and the County Council in the county concerned was largely 
composed of farmers and landowners who were not anxious for any fresh taxa- 
tion. In some cases neither the Thames Conservancy nor the Local Government 
Board had been able to get the County Council to move. He thought the powers 
of the authority controlling the main stream should be extended over the whole 
of the watershed so as to include every tributary. 


THAMES WATER SUPPLY AND 
STORAGE. 


By HUGH W. RUSSELL. 


HE question of the storage of Thames water, in times when the flow 
of water is in excess, in order to meet the requirements of periods of 
deficiency, has been forced upon the attention of the public by the severe 
droughts of 1893, 1898, and 1899. It is unfortunately a question that to 
some extent is liable to the prejudices of those who are interested in the 
adoption of the scheme of the London County Council to go to another 
source for the water supply of London, and who fear that the demonstra- 
tion of the sufficiency of the existing sources of supply, for a long period, 
may militate against the adoption of their scheme. 

I desire in this paper to, as far as possible, treat it without any bias, 
but to place before the Congress some of the information gained over a 
long series of years of residence in the valley of the Upper Thames, and 
of practical work in the control of the river. 

The conditions of the flow of the water have very much altered during 
the latter half of the century just closed. It may appear a paradox, but 
is nevertheless true, that the same causes which produce floods also 
produce droughts, and the upper river districts suffer quite as seriously 
from the latter as from the former. During the period mentioned, land- 
owners all over the watershed have laid down millions of drain pipes, with 
the result that the rainfall is rushed into the river with great rapidity ; 
the water no longer lies on the land for a sufficient period to enable a 
large portion of it to percolate through and replenish the springs, but, 
especially in the late autumn when active vegetation has ceased to absorb 
a large quantity of moisture, an abnormal amount of the rainfall, un- 
diminished by the action of absorption by the soil, runs direct into the river. 

The channel of the river is quite inadequate to the sudden strain, and 
more or less disastrous floods ensue. The half submerged towns on the 
banks clamour for relief, and the severest pressure is put on the Conser- 
vancy to get rid of the water as quickly as possible. Fresh weirs are 
constantly being constructed, each with a still larger capacity for facili- 
tating the escape of the water, and we see every year an enormous mass 
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of water rushed down to the sea, the want of which we know will be felt 
a few months later on. This difficulty is steadily increasing, and points to 
the conclusion that some effort should be made to retain a portion of this 
bountiful excess nature provides to secure London at least from the 
shortness of supply. 

It has been urged by some that as a consequence of cultivation and 
deep drainage the level of the subsoil water has been lowered, and a 
larger depth of soil made available for the absorption of the rainfall; but 
it must be pointed out that to carry into effect the deep drainage, it has 
been found necessary to provide deep and clear channels to get rid of the 
surplus water, and this has had the effect of increasing the rapidity of the 
rise of the water in the river, and, in the opinion of the writer, more than 
compensates for the reduction due to the greater depth of soil available 
for absorption. 

Still, supposing the causes adduced are erroneous, the fact remains 
patent to everyone familiar with the river for the last forty or fifty years, 
and demonstrable by the figures I now give, that the rise of the river, 
after comparatively moderate rainfall, is of much more sudden and acute 
character than in former times, and that a large amount of water, instead 
of running to waste, might be abstracted with advantage to the river. In 
support of these views, I give a few instances of enormous increases in the 
flow over Teddington Weir taking place within a few days :— 


Mill. galls. Mill. galls. 

1884. Jan. 23... .. 960 1891. Oct. 6... ... 400 
yy 28 ve vee 4,055 Dee vee 24580 

1885. Jan. 28... .. 675 1892. Oct. 27... ... 366 
Feb. 3... 0. 3,145 » 80... 2. 8,089 
1885. Nov. 24... ... 880 1894. Oct. 23... ... “363 
28 2 se 8,630 » 28... 2. 2,038 

1886. Dec. 4... .. 990 1896. Dec. 3... ... 887 
» 10... 2. 3,590 » Sea a. 4,293 

1888. Mar. 5... ... 660 1898. Nov. 24... .. 737 
y °12 0... 3,200 » 26... .. 2,615 

1888. July 27... ... 860 1898. Dec. 6... ... 793 
Aug. 3... ... 3,156 yD vee 8472 
1889. May 25... ... 880 1900. Feb. 14... ... 1,111 
» 2B. ae 8,405 6 ee AT vee eg BTET 


* This was largely owing to the sudden melting of heavy snowfall, the ground being 
frozen and incapable of absorbing any of the water. 
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The following facts, as regards the flow of the River Thames, should 
remove any doubt which may exist in the minds of any members of this 
Conference as to the capability of the River to spare the large quantity 
of water which is required to supply the Metropolis. 

The area of the watershed of the River Thames, above the intakes of 
the Water Companies at Hampton, is 3,548-7 square miles, and the 
average rainfall about 28 inches per annum. 

The average flow of the River, gauged at Teddington Weir for a 
period of 18 years, is 1,128°3 million gallons per day. 


NaturaL Ftow or THAMES AT TEDDINGTON. 
Maximum flow on 18th Nov., 1894 ... about 20,000 mill. galls. 


Minimum flow on 13th Sept., 1898 ... ,, 176 Cl 
Montury AVERAGE PER Day. 
Maximum in Nov., 1814 fr ae .-- 6,465 mill. galls. 
Minimum in Sept., 1808 a oe wees B14 yy yy 
YEARLY AVERAGE PER Day. 
Maximum in 1883 __.... see an ... 1,922 mill. galls. 
Minimum in 1898 hs es fa ay 760 4, 45 


It will be seen from these figures that, with a daily average flow of 
over 1,100 millions, there is ample excess to provide storage for eighty or 
ninety days supply of London which would probably satisfy all prudent 
requirements without at all interfering with the quantity required for 
navigation and properly scouring the channel and perenne accumulation 
of mud below Teddington Weir. 

When the reservoirs at Walton and Staines, atlicrised by Parliament 
to be constructed and now in course of construction, are completed, there 
will be storage for 8,000 million gallons of unfiltered water. 

I am not, of course, in this paper, dealing with any other river than 
the Thames, though, in considering the question from the view of London 
Water Supply, it must not be forgotten that the reservoirs in the Lea 
Valley, constructed or in course of construction, have a capacity of nearly 
8,000 million gallons. 

The present average daily withdrawal of water from the Thames by 
the Water Companies amounts to 118 million gallons per day, or equal to 
about 10 per cent. of the average flow of the river. 

When we are dealing with the future we come to highly debateable 
ground; the question of the increase of population is one upon which 
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experts of equally high authority hold diametrically opposite opinions; 
the allowance to be made for evaporation and loss incurred by the 
proposed vast storage areas seems also quite problematical, and a matter 
for hopeless disagreement between the great authorities on such subjects. 

The author deems that his safest course is to adopt the conclusions of 
the Royal Commission on the Water Supply of the Metropolis, issued as 
recently as 1899, which were, that in 1941, with an estimated population 
for Water London of a little over 12 millions, the supply required would 
be 423 million gallons a day, of which the Thames would have to con- 
tribute about 300 million gallons, or roughly about one-fourth of its 
average daily flow. 

Eighty days’ storage for this quantity would mean accommodation to 
be provided for 22 thousand million gallons in excess of that already 
constructed or in course of being constructed. 

The author believes that there is an ample excess of water at times 
which could be abstracted with advantage to the river to provide for this 
quantity, and he is of opinion that, if this question were argued solely on 
its merits, without any reference to any competing scheme, the conclusion 
arrived at by the general public would be in accordance with the opinion 
expressed in the report of the recent Royal Commission. 


The CHarrman (W. Whitaker), in commenting upon the second paper by 
Mr. Russell, on ‘‘ Thames Water Supply and Storage,” a description which he 
suggested should have been altered to “Thames Water Storage and Supply,” 
referred to the statement in the paper “that the conditions and the flow of the 
water have very much altered during the latter half of the century just closed.” 
He thought how dangerous it was to take statistics of a short period—they must 
allow for change; things were always changing. Figures were given showing 
the sudden changes in the flow of the river over Teddington Weir, a point upon 
which he thought further information was needed. 


Mr. B. E. Mippieron, M.Inst.C.E. (London), who was unable to attend the 
Conference, sent the following remarks on Mr. H. W. Russell’s paper, ‘‘ Thames 
Water Supply and Storage”: Mr. Russell states the average flow of the Thames 
to be 1,128°3 million gallons a day, but this is not the true average flow of the 
Thames but the average for the last 18 or 19 years, during which period the 
rainfall has been two inches below the average of 28°5 inches. The true average 
flow of the Thames at Teddington Weir is approximately 1,450 million gallons a 
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day. Asa check on this figure, the rainfall in the Thames Valley for the year 
1897 was 28-06 inches and the run-off was 1,489 million gallons a day, while 
for five years, with an average rainfall of 29°15 inches, the run-off was at the 
rate of 1,443 million gallons a day. Mr. Russell says, with a daily flow of 1,100 
million gallons a day, there is ample excess to provide storage for London ; it is 
still more reassuring to find that the actual surplus is much greater than was calcu- 
lated on. I hope it may be still more reassuring to the public if I state that the 
Thames is of more than sufficient capacity to supply an average of 4¢0 million 
gallons a day, and there is water available in the Thames and Lea Valleys and in 
Kent, without taking into account that which is obtainable from neighbouring 
counties, for the supply of a population of 22 million persons. I trust I may be 
excused if I refer, for full details of the supplies obtainable for London and its 
vicinity, toa paper which I read before the members of the Surveyors’ Institution 
on December 10th, 1900. It is no doubt true that under-drainage does tend to 
send water to the river more rapidly than would be the case if the drains were 
absent, but subsoil drainage is much older than 1882, the year when the con- 
tinuous gaugings of the Thames commenced, and there is no evidence that the 
winter run-off is heavier now in comparison with the summer than it was years 
ago. It is true that the Thames does rise very rapidly at times, but several of its 
tributaries run over clayey land from which the rainfall would run off rapidly 
under any circumstances, and it cannot be said that there is any difference 
between the present time and former years in this respect. I do not think there 
is any reliable evidence for or against the theory that subsoil drainage in the 
Thames Valley has increased flooding. Iam glad to read Mr. Russell’s valuable 
testimony to the improvement effected by the Thames Conservancy in the water 
of that river. 


Or 
Qr 
wo 


A NOTE WITH REFERENCE TO 
WATER STANDARDS. 


By HENRY KENWOOD, M.B., D.P.H., F.C.S. 


(FELLow.) 


HE most that an initial analysis of a water can tell us is whether the 
figures of the analysis indicate little or much of organic impurity 
as judged from certain arbitrary standards. Whether the slight contami- 
nation which is practically always discovered is harmful, or whether the 
particular water has recently received slight (but significant and may be 
dangerous) pollution, can only be told with certainty by several careful 
analyses of the same water at short intervals of time and the careful 
comparison of the results obtained,* or by a comparison between the 
sample of water and others in the immediate neighbourhood, collected 
from similar sources from the same geological area, and which are known 
to be above suspicion. It is a frequent practice, therefore, among those 
who have to advise as to the wholesomeness of the waters collected for 
drinking purposes in different districts, to establish local water standards, 
and a considerable multiplication of these is sometimes necessary even for a 
small district when the geological formations are much broken up. 

The object of this note is to draw attention to an interesting and 
instructive incident which has recently come under my notice, and which 
serves to illustrate the danger of what is by no means an uncommon 
practice. A medical officer of health of a rural district in the south of 
England consulted me with reference to a sample of the well water 
supplying a small public institution in which an exceptional outbreak of 
dysenteric diarrhoea had occurred. The result of my chemical analysis of 
the well water was to leave some doubt in my mind as to whether the 


* IT have repeatedly observed that a water showing active pollution shows unusual 
variations in the figures of the analysis. 
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water might or might not have been concerned in causing and maintaining 
the outbreak. The facts of the analysis were as follows :— 


Appearances in two-foot tube ... Clear, no deposit, very faint yellowish 
tint, well aérated. 
Reaction ... ss eas ... Alkaline. 
Total solid raters ts ... 43°2 parts per hundred thousand. 
a. Fixed oes nae vee 32°95 ” ” 
b. Volatile... ae -- 107 ” ” 
Appearance on ignition .. Nil. -s 7 
Total hardness... ae we. 26:2 ” ” 
a. Permanent dais ae 85 45 9 
b. Temporary a .- 167 . 33 
Chlorine... ade “aie we «32 ” ” 
Nitrogen as nitrates ia woe O24 “3 ” 


Oxygen absorbed from permanga- 
nate in 2 hours at 80° F. ... 0°330 parts per million. 


Saline (or “ free”) ammonia ..- 0°035 3 re 
Organic (or “ Albuminoid’ am- 

monia... his aoe ... 0°028 Pa ‘9 
Lead, copper, iron... ae .. Nib 
Nitrites... aes sad we» Nil. 


Phosphates... oe we ... Very. faint trace. 
Sulphates ... uae aa ..- Marked. 


Now in my experience most analysts would have passed this water as 
not likely to be polluted with harmful organic matter, and I should have 
done so myself had not all the facts which justified a suspicion of the 
water been submitted to me, and had not these facts established a strong 
primé facie case against the water. I accordingly went beyond the 
chemical analysis and submitted the water to a bacteriological examination, 
the result of which went towards confirming my doubts upon the water’s 
purity. 

As in my report I indicated that the result of my examination did not 
satisfy me that the water was above suspicion, I was instructed to visit 
and inspect the locality, and, along with the medical officer of health, to 
investigate the origin of the outbreak. We succeeded in discovering a 
hitherto unsuspected source of pollution, and we satisfied ourselves that 
the water was as a matter of fact polluted from that source—which was 
scme 300 feet distant from the well. Now the instructive circumstance is 
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this :—The medical officer of health had established a “chlorine standard” 
for this particular water, and the chlorine figure—in some sixteen analyses 
extending over three years—was fairly constant at 3:2, and had never 
varied beyond 3:1 and 3-3 parts per 100,000. He had carefully estimated 
the chlorine on three occasions shortly before submitting a sample of the 
water to me, and finding that it conformed to the standard he had 
persuaded himself that the water was not likely to have been concerned in 
the outbreak. He had not therefore made a complete analysis because he 
did not consider that a complete analysis wus necessary. The chlorine 
figure in this instance proved absolutely useless for the purpose of detect- 
ing animal pollution. This local chlorine standard is advocated by many 
authorities on water analysis; indeed, one may say that it finds favour 
with the large majority of those who have written on the subject of water 
standards; and the establishment of a series of isocholors or “ normal chlo- 
rines” for a district is a practice which has been followed by not a few. 
Such standards are.of most value when they relate to surface waters, in 
which the small chlorine figure remains very uniform indeed in the absence 
of animal pollution, but, generally speaking, they are worse than useless. 

The only standard which would have certainly lead to the detection of 
the pollution in this instance would have been one of the free and saline 
ammonia ; and I am satisfied that in the majority of waters that is the best 
indication of dangerous pollution, and that whatever other quantities 
obtainable by analysis are determined as standards one must always 
include the ammonia figure, which is of paramount importance. 

To illustrate this point I append the results of the analysis of a sample 
of the water supplied to University College, together with the figures of 
the same water to which crude sewage has been added. The value of the 
free ammonia figure is at once made very apparent. 


Parts per 100,000. 


| A B c D 
| é Newt River & New Biver 
New River Finchle 70.'8 Water + | Co.'s Wal 
| calm Water. | Sowage. | omeygercent: | vette 
: Sewage. ley Sewage 
Free and Saline Ammonia ............ 0005 =| = 62100 0°0626 0°0067 
Albuminoid Ammonia ............. ... 0:0035 1:3200 0:0167 00048 
Oxygen absorbed in 2 hours at 80° F. 0-u3U0 41430 O-o71L 0°0341 
Total Solids..........cccessceeseeeeeeoeees 301 150°0 | 81-299 30°25 
ChIOTING 2 .sseticsce este lesilscsetestees 1:9 102 | 198 1°91 
Nag Nitrate ......ceccessseseessseeeeeeees 0-19 0-00 | 018 0:18 
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Thus this water polluted with 1 per cent. of average crude sewage (or 10 
gals. of sewage to 1,000 gals. of water) shows free and saline ammonia 
increased 125 times, but the albuminoid ammonia is only increased about 
5 times, the oxidisable organic matter about twice, the total solids by only 
about 1 part per 100,000, and the chlorine to 1:98, as ayainst 1°90. If, 
however, we take the same water polluted with j, per cent. of the same 
crude sewage (or 1 gallon of sewage to 1,000 gallons of water) we find the 
free und saline ammonia increased about 13 times, but the albuminoid 
ammonia is increased by not much over 3 of its original quantity, the total 
solids are practically the same, and the chlorine shows no appreciable 
increase. 

The only waters in which the free and saline ammonia figure will 
not indicate the faintest quantities of pollution are those exceptional 
waters in which the ammonia is very high, as a consequence of the 
reduction of oxidised nitrogen (greensand waters, &c.). In these waters 
it is not so easy to “ Nesslerise” with the same precision as in the case of 
the smaller amounts, and a very faint increase in the ammonia, due to 
animal pollution, might therefore be missed. 

It may be said with certainty, that with the exception of the class of 
waters referred to above, any but the merest trace of ammonia should be 
regarded with suspicion, for it is rarely found except in recently polluted 
waters. This circumstance may be accounted for by the fact, that in 
such waters the more readily oxidisable organic substances are responsible 
for a delay in the oxidation of the ammonia by oxidising organisms. 

The lessons of the particular incident which gave rise to this note are :-— 

I. That the chlorine standard figure alone is useless for the purpose 
of detecting the smaller degrees of dangerous pollution,* and that it is 
always necessary to get out other figures—and more especially that of the 
free and saline ammonia. 

Il. That before giving an opinion as to the safety of drinking a 
particular water, it is of the greatest importance that a careful local 
investigation should be made for all possible contaminating influences— 
having regard to the source of the water; and that the circumstances 
which call for the analysis of a particular sample should always weigh with 
one in deciding upon the degree of purity which will justify the acquittal 
of the water as a possible agency in promoting disease. 


* One may also point out that in some waters from the greensand formation the 
addition of sewage pollution might actually lead to a reduction of the chloiine figure. 
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The CuairMan (W. Whitaker) referred to the contention in the paper as to 
the making of complete or incomplete analysis. He often required complete 
analysis of water, and did not care for partial analysis a bit. Unless they had 
complete analysis they did not know what the meaning of the analysis was. 
With regard to Dr. Kenwood’s remark that the only standard which would have 
led to the detection of pollution in certain instances was that of free saline 
ammonia, he (the Chairman) was inclined to think that they should not trust 
to one thing alone, although it might be the best and the chief thing. They 
should not rest content with only one standard, for if “your standard-bearer 
fall,” what then ? 


Prof. Bostock Hiit (Birmingham) said that although the paper was a tech- 
nical one, it was one of great importance to those engaged in sanitation. Dr. 
Kenwood pleaded, as he (the speaker) did two years ago, for the full and com- 
plete examination of public water supplies. As an illustration, he mentioned that 
a town in the midlands had a public water supply which was analysed by him at 
comparatively rare intervals. He received a sample without having any explana- 
tion of its origin. On complete analysis differences showed themselves, so slight 
that if he had not known the constitution of the water on previous occasions he 
should have been inclined to pass the water as safe as far as chemical analysis 
went. Before giving a definite report, however, he wrote to the surveyor asking 
if there were any other conditions not usual, now operative. He received no 
answer. Months afterwards he noticed a report of a Local Government Board 
inspector, which showed there had been 100 cases of typhoid fever in that town, 
and it was ascribed to a particular contamination of the public water from certain 
causes. He simply mentioned this case as showing the importance of not taking 
one particular standard, such as the chlorine standard, which he agreed was 
absolutely futile and dangerous. There should be a full analysis, not only 
chemical but also bacteriological. But they must not expect too much from 
bacteriological examination. It was wonderfully useful, particularly in the case 
of a public water supply, in showing how filters were doing their work; but if 
they could not find the typhoid organism in that water, although they believed 
typhoid was being spread by it, they must not conclude that the water was safe- 
As a matter of tact, in most big epidemics of typhoid fever of which they had 
cognisance of late the typhoid organism had not been found. They must not, 
therefore, pass a water because it appears bacteriologically to be good. If, on 
the other hand, a water was bacteriologically worse than the average, the fact 
should be taken into account. He desired to protest against the practice of 
many sanitary authorities of getting their analyses done as cheaply as possible. 
That was, he believed, largely the crux of the whole matter. To get analyses 
done on the principle of the lowest tender, like scavenging, was not to get the 
best work in the way of knowledge. This at present led to many troubles in 
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connection with water analysis. They were much indebted to Dr. Kenwood for 
bringing this point forward, that it was only by the fullest possible analysis in 
certifying public water supplies that they could be sure they were on the safe 
side. 


Dr. H. R. Kenwoop, in reply, said he was quite in accord with what the 
Chairman had said. It was not his intention in his paper to advocate or imply the 
adoption of any one standard figure; his object bad been to attack a solitary 
standard figure, which he found was very generally adopted by medicil officers 
and others in reference to water which had to be periodically analysed. Of course 
everyone on getting a sample of water of which he knew nothing made an initial 
complete analysis. But many of them had to watch these waters week after week, 
and it was not necessary then to make a complete analysis every time. For in- 
stance, an estimate of the total solids, the total hardness, the temporary and per- 
manent hardness of the same water every week, would not help them to decide 
whether or not that water bad received any recent and slight contamination. He 
had brought the matter forward because in a recent case a medical officer had 
attached great importance to the chlorine test, and this was by no means unusual. 
Prof. Bostock Hill had hit the nail on the head in regard to the fees paid for 
analyses. His practice was to ask a fair price for a complete and full analysis, 
which was a long process, and a difficult one to base conclusions upon; and then 
he would hear in some cases that others had been approached, and that the lowest 
tender had been accepted. For the paltry fee sometimes accepted little more than 
the chlorine figure could be got out, and it would be cheap at that, and in all 
probability that chlorine figure would not be correct. Where the character of 
the water had been previously ascertained it was very desirable to adopt several 
standard figures, and amongst those standards he thought the free ammonia was 
by a very long way the best to enable them to detect slight degrees of pollution. 
The main object of his brief communication was to bring out that fact. 
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THE PURIFICATION OF WATER. 


By SAMUEL RIDEAL, D.Sc.(Lond.), F.I.C. 


(FELLOW). 


HE interim Report of the Royal Commission on Sewage Disposal has 
differentiated between natural and artificial processes of sewage 
purification. Artificial processes, however, can only be successful so far as 
they adhere to natural methods. Any attempts at classifying the systems 
of water purification on these lines would be misleading, as nearly all 
methods used for effecting the purification of water are parallel to those 
which occur in nature. The general use of open sand filters for the 
major portion of the last century has brought about a greater purifica- 
tion in water supplies than was originally intended, inasmuch as the 
primary idea of the open sand filter was simply to remove suspended 
matter, and it is only within the last fifteen years that it has been 
known that such sand filters, in addition, improve the bacterial quality. 
The most important point in judging of the purity of a water 
supply at the present time is certainly the typhoid fever death-rate, 
and next to it the general bacterial purity of the water. Turbidity, 
hardness, and the effect in causing incrustation on boilers are now minor 
considerations, and in a sanitary sense, of little value. It is, therefore, 
necessary to reconsider the older methods of purification now that the 
factors of purity have this sequence of importance. Sedimentation in 
storage reservoirs, and the different methods of softening, although 
primarily designed for the removal of suspended solids and mineral matter 
in solution, also effect a considerable bacterial improvement, so that these 
methods of purification have in common with sand filtration accidentally 
rendered the water of better quality in those features which, at the present 
time, have the greater importance. 
Dr. Delépine has recently shown in the August number of the Journal 
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of State Medicine, that in the natural purification of running water one 
may draw the following conclusions:—(1) that sedimentation is a very 
important factor in the bacterial purification; (2) that the effects of 
sedimentation are most marked when the flow is of such a rate as to allow 
the suspended matter to deposit by gravity, while removing the products 
of bacterial multiplication; (3) that agitation by interfering with this rule 
hinders the purification. The improvement effected by service reservoirs 
can be attributed to similar causes. Although sedimentation and filtration 
thus both only indirectly attain bacterial reduction, a combination of the 
two processes can be so arranged as to bring the number of bacteria well 
below Koch’s standard of 100 per c.c., and, when well conducted, is 
capable of yielding a water, hygienically, nearly as good as a germ-free 
water produced by heat sterilisation, Pasteur-Chamberland filtration, or 
chemical treatment. By using lime as a precipitant in the storage 
reservoir, and a portion of the resulting precipitate as the coagulant to 
form the artificial schmutzdecke in a mechanical filter, a combination of the 
same effective character is possible. At Cincinnati a process on these 
lines was tested in 1899, and a somewhat similar method of purification is 
contemplated for the Washington Water Supply. Even with protected 
upland gathering-grounds purification plant seems desirable, especially for 
the seasonable removal of algoid growths, and although the work is less 
than that with a river supply, it only differs from it in degree. The use 
of lime as a coagulant in the storage reservoir in this case further insures 
the absence of plumbo-solvent properties of the water, and as the bacterial 
reduction required is less, filtration, if resorted to, can be augmented 
in rate. The bacterial purification in the English open sand filtration, 
as measured by the reduction in the number of organisms, does not, 
apparently, represent the true value of this method of filtration, as exam- 
ination of the species of the organisms present in the water, before and 
after filtration, seems to show that an open sand filter, when properly 
working, causes a greater per-centage reduction of the coli communis group, 
and therefore presumably of typhoid, than of the non-pathogenic organisms. 
Such filters, therefore, have a selective bacterial action which again 
accidentally makes their use desirable in our efforts towards diminishing 
the typhoid death-rate. A discussion on this subject at the present time 
may be usefully directed towards the question whether purification of 
public supplies on the above lines should aim at the whole supply being 
purified up to the maximum standard of a good drinking water, or whether 
we should be content with a somewhat less purified water for the general 
supply, and sterilise separately in each house such portion as would be 
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required for food purposes. It is probable that a gallon per head per day 
of sterilised water would be sufficient for drinking and culinary use, so 
that only from 2 to 5 per cent. of the total supply would need to be 
hygienically perfect. The methods for insuring the absence of pathogenic 
organisms in the small quantity of water required for drinking purposes 
can be divided into heat sterilisation, candle filtration, and chemical 
treatment, and in reference to these I submit the following brief 
observations :— 

I. Although many methods of heat sterilisation have been brought 
before the public, yet none seem to have been sufficiently practical to 
warrant general adoption. Theoretically it is possible to kill off all 
organisms by subjecting the water for a sufficiently long period to an 
adequate temperature. On the regenerative principle this should be 
capable of being carried out without the loss of any heat or the appli- 
cation of any except the initial energy, but in practical working a slight 
loss of heat at present seems inevitable. Difficulties arising from the 
deposition of lime salts in the tubes of such apparatus require to be 
overcome, but a preliminary softening in connection with the storage 
reservoirs as indicated above, would diminish this objection considerably. 
I believe that the problem of economical and efficient heat sterilisation is 
one which is well worth the further consideration of water engineers. 

II. In the struggle for existence of the many types of domestic filter, 
the Pasteur-Chamberland candle type seems to be the only one destined 
to survive, the subject having been cleared by experience of the working 
of filters in South Africa, coupled with the important communications by 
Prof. Horrocks on the non-passage of typhoid organisms through the 
Pasteur-Chamberland form. 

ITI. Chemical sterilisation can only be regarded as an emergency 
method. The considerable total of even the cheapest chemical required, 
apart from the labour and trouble involved, must necessarily render such 
a method an expensive one. 

Dr. Louis Parkes and myself have quite recently advocated the use of 
bisulphate of soda as an anti-typhoid, especially for waters which contain 
a large amount of organic matter, and I am glad to hear that this salt is 
. being tried for this purpose on a considerable scale in South Africa. 
Most investigators have, however, favoured the employment of oxidising 
agents in some form for sterilising waters. The efficiency of oxidisers 
must obviously be influenced by the amount of organic matter present in 
the water, and the varying amounts recorded as necessary by different 
observers are due to this cause. Permanganate, for example, seems, 
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according to recent reports, to have failed as a cholera preventive in 
Indian wells. In water supplies from which the greater portion of the 
organic matter has been removed by some preliminary process, the quantity 
of oxidising agent required is so small that it would have no injurious 
effect upon the consumer. Ozone has the advantage over all others of 
being easily obtained everywhere from atmospheric oxygen, and recent 
progress in ozone generators and electric supply leads one to believe that 
this oxidising agent can be economically produced. So much is this the 
case that ozone has in several directions been tried for even purifying 
public supplies on a large scale, and may in the near future be used 
extensively as a “finisher” in the purification of water. The following 
table may be useful in summarising various chemical processes which have 
been tried in recent years :— 
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Mr. T. Carnk (City Engineer, Worcester) referred to the statement o 
Dr. Rideal that “the most important point in judging of the purity of a water 
supply at the present time is certainly the typhoid fever death-rate, and next to 
it the general bacterial purity of the water.” He supported that view, and gave 
statistics of the typhoid fever case rate in the city of Worcester, which derived 
its water supply from the river Severn which, about sixteen miles above the 
waterworks intake, receives the waters of the Stour which were largely polluted 
from manufacturing waste liquids as well as with sewage. Prior to 1894 the 
annual typhoid case rate at Worcester was over 150 per 100,000. Under the 
advice of their engineer the filtering arrangements were extended and improved. 
The cases which for the winter half of the years preceding 1894 averaged fifty- 
two fell at once to six. The improvement has been maintained, the annual 
case-rate per 100,000 since 1894 averaging thirty-eight. He proceeded to give 
the figures obtained in regard to typhoid fever rates from eight other large 
towns deriving their supplies from rivers, mountain streams and lakes, and 
artesian wells. It was a surprising fact that the case rates in each of the three 
towns obtaining their water from polluted rivers and filtered were lower, and in 
the case of two of them, viz., Reading and Worcester, greatly lower than in 
those towns supplied from artesian wells or mountains, with the exception of 
Plymouth where, however, a large number of cases had since occurred. 


Mr. J. Parry (Chief Engineer of the Liverpool Waterworks) after congratu- 
lating tbe Chairman upon having adopted that day the usual practice of calling 
upon the author of each paper to reply to the discussion, said that. Dr. Rideal 
had raised some very suggestive questions with regard to different methods of 
purification, but he thought that was scarcely a subject that could be dealt with 
by that Conference, though it was one on which he could have a great deal to 
say. He rose specially for the purpose of deprecating the suggestion made by 
Dr. Rideal that we should be satisfied with a relatively low standard of purifica- 
tion in public water supplies, and should rely to a large extent upon private and 
domestic filters or sterilizers for the small quantity of water required for domestic 
purposes, That would be a most fatal course to adopt, and he was sure it would 
end in nothing but disaster. There was a disposition on the part of those who 
felt the burden of sewage schemes which they were called upon to carry ont, to 
minimise the importance of a high standard of purity. He hoped that at a 
Conference held under the auspices of the Sanitary Institute it would not be 
allowed to go forth that they, in any shape or form, encouraged anything which 
would in the slightest degree tend to weaken the efforts of those who were 
trying to purify our rivers. 


Mr. Watson (Bradford) said that long before the days of the Cincinnati 
treatment, he had recognised the value of the application of lime in order to 
counteract the activity of those waters which act so energetically on lead pipes. 
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His Corporation adopted the method many years ago. One of their moorland 
waters had been particularly bad in this respect, and the method they adopted 
was to apply to that water at its inlet to the filter beds three grains of pure 
carbonate of lime to the gallon, and within a short time the plumbo-solvism 
disappeared. This was a simple process of hardening soft water. Soft water 
was evidently thought by many people to be specially pure. The addition of 
three grains of lime only increased the hardness of the water one-half of a 
degree, and a practical point for analysts was to detect where the great bulk of 
the added lime went to. Thousands of tons had been sent on to the filter beds, 
and while the upper layer of the sand became more white, scarcely any deposi- 
tion of lime was found. Dr. Rideal seemed to think that after sterilization all 
that was required for domestic drinking purposes was one gallon per head per 
diem. To those who had to find water for large populations, and who spent 
large sums of ratepayers’ money on works, the puzzle in Dr. Rideal’s suggestion 
was how to find a distribution system for that one gallon and for all the other 
purposes for which water was required besides drinking purposes. In this 
industrial country large quantities of water were used for trade and commerce, 
and how was a water authority to divide up its distribution systems for the 
various classes of water consumers? The consumers would not do so, and he 
thought that to Waterworks undertakers this indicated a financial impossibility. 
It was doubtful whether even the rates of London could provide for distribution 
systems for water which might be suitable for the different classes of water 
consumers. After all, “ pure,” as often applied to water, was an empirical term. 
Discussions had often taken place in this and other countries as to whether 
people who used hard or soft water were the most healthy. ‘ Hard water” and 
“soft water” were merely relative terms: to call one containing less lime salts 
more pure than the other which contained a greater amount of lime salts, due in 
most cases to the physical conditions of the area or source from which they were 
drawn, seemed to him to imply a standard which, if it existed, would be fre- 
quently inapplicable and often misleading. 


Alderman W. J. Burgess (Liverpool) considered, in reference to the obser- 
vations made by the representative from Worcester, that the bacteriological 
purity of the water was a safer guide than the typhoid fever death-rate. No 
doubt typhoid fever might be produced by an impure water supply, but it might, 
and frequently did, derive its origin from causes entirely different. It was the 
duty of Water authorities to see that the drinking water they supplied was as 
pure as possible, both from a bacteriological and chemical standpoint, and he 
strongly deprecated any disposition to minimise the importance of maintaining 
a high standard of purity. In Liverpool they had frequent chemical analyses 
and also a bacteriological analysis almost daily. They had no sympathy with 
attempts to get analyses made so cheaply as to be inefficient, but employed the 
highest analytical experts, and as a result of that policy they were able to assure 
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the public of the excellence of their water supply. He wished to protest against 
the exhibition of certain charts displayed in the room, there having been no 
attempt made to explain them, and nothing having been stated as to the object 
of their exhibition. If they were intended to convey to the minds of delegates 
that river water, which gathered impurities in its course, but was afterwards 
filtered, was better than naturally pure water they might have a mischievous 
tendency. Although he recognised the value of filtration, he did not believe that 
filtered sewage could under any circumstances be as good as naturally pure water, 
and he had grave doubts whether a satisfactory supply was possible under such 
conditions. 


Professor Bostock Hitt (Birmingham) referred also to the statement in 
Dr. Rideal’s paper, and desired to protest against the universal applicability 
of that statement. The point was important, for in the past the Local Govern- 
ment Board had rather led the public to believe that typhoid fever epidemics are 
always water-borne. If a water supply were always to be judged by the typhoid 
fever death-rate an injustice would sometimes be done to it. In many epidemics 
typhoid fever was confined to certain portions of a town attacked, and as the 
water supply was common, it was perfectly certain that water was not in this 
case the cause. Sometimes typhoid fever epidemics had nothing to do with the 
water supply, yet taking the statistics of a particular year, the water supply of the 
town might be condemned because the typhoid rate was high. Recently he had. 
investigated three typhoid epidemics in fairly large towns, the water supplies of - 
two of which were the purest in the county, though they had the highest typhoid 
rate. Therefore, they must not take it as a general rule that a water supply 
was necessarily impure and should be condemned because the typhoid rate was 
high. Asa matter of fact, wells are still existent in many of the older towns, | 
and it might also be that infection was not water-borne at all. He also desired 
to emphatically protest against the idea conveyed in the paper that water should 
be purified after it has been supplied. That was the wrong way to look at it. 
Water should be supplied as pure as possible, and not want purification at the 
hands of the householder. 


Dr. 8. RrpEat, in reply, pointed out that he had not advocated any method 
of domestic purification. He had said there were three methods at present 
available for producing a germ-free water after it leaves the filter beds: but 
those methods should be municipal methods, they should be controlled by the 
municipality or by a water company, preferably the former. The heat sterilizer . 
or Pasteur filter could be put in the consumer’s house by the municipality ; the 
chemical method might be employed at the works. As an illustration he had 
mentioned ozone, and this he believed was being tried in one of the London 
works. The ideal thing to do was to get the water purest just before it reached 
the consumer; and by adopting any of the alternative methods, there was na. 
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necessity for a dual supply of pipes. If the authority put in each house a 
sterilizer or filter for the drinking or domestic supply, the remainder of the 
water could be used for sanitary or trade purposes in its present condition of 
purity. 


Mr. R. E. Mippueton, M.Inst.C.E. (London), who was unable to attend the 
Conference, sent the following remarks on Dr. Rideal’s paper: I am fully in 
agreement with Dr. Rideal as to the importance of sedimentation, as a prelimi- 
nary to sand filtration, in the removal of bacteria from water. I think, however, 
that when the motion of the water in the impounding or subsiding reservoir is 
exceedingly slow, as is usually the case, the addition of lime as a precipitant is 
unnecessary and to be deprecated, as it adds material in itself to the deposit in 
the reservoir. The plumbo-solvent properties of a very soft water may be 
removed by the addition of lime as gravel or sand in the filter beds. Iam glad 
to see that Dr. Rideal emphasises the fact that the value of sand filtration in 
the removal of bacteria is not to be measured by the proportion removed only, 
although this proportion is generally over 98 per cent., but pathogenic organisms 
are removed in preference to those which are non-pathogenic, a fact which 
appears to have been largely lost sight of. Experience has so far failed to 
support the use of two waters of different qualities, one purified, to be used for 
dietetic, and the other, unpurified, for sanitary purposes. A duplicate system is 
in use in Paris and does not appear to be approved by the engineer of that city. 
The use of two systems means the duplication of mains and more frequent 
breaking up of streets, already too often disturbed, and it is not possible to 
entirely prevent the use of the unpurified water due to accidental connection 
with wrong mains, or to ignorance or carelessness. I agree with Dr. Rideal that 
chemical sterilization of water can only be looked on as an emergency method. 
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THE VALUE OF SOFT WATER. 


By FREDERICK VERNEY. 


ABSTRACT. 


HERE is one aspect of the question of water supply for large towns 

which has received far less attention than its importance deserves,— 

that is the commercial, industrial, and sanitary value of soft, as compared 
with hard, water. 

The best way of showing at the outset the extreme importance of the 
question is by a quotation from a pamphlet, privately printed and circu- 
lated in 1865, written by the late Mr. J. F. Bateman, F.R.S.: “ When 
the Loch Katrine water was introduced into Glasgow” (Mr. Bateman 
being the engineer engaged in constructing the waterworks for this 
purpose), “it was estimated on the most careful computation that 
the economy which resulted in domestic establishments was equal to the 
whole rate for the water supply, or £36,000 a year, upon a population of 
400,000 persons, and this was by the substitution of water of about one 
degree of hardness as compared with the water of the Clyde, which varied 
from seven to nine degrees of hardness.” 

“ Assuming these figures to be correct (and the facts were most care- 
. fully worked out at the time), the saving to the inhabitants of London by 
substituting water of equal quality with Loch Katrine in lieu of the hard 
water of the source from whence the supply is now derived, averaging 
from 12° to 15° of hardness, would not be less than £400,000 per annum.” 

This calculation, given to the world by a man of Mr. Bateman’s 
experience and reputation, deserves a great deal more consideration than 
has ever yet been given to it. Take the quality of the water which it has 
been proposed to bring from Wales to London, and which has now been 
carefully tested under many varying conditions. The average hardness 
is from 2° to 3°, while the hardness of the existing London supply is from 
14° to 15°. In considering any additional supply of water for London, 
the increase of population, say for the next 40 years, should be taken into 
account, and supposing that in 1940 the population of London to be 
supplied with water is four times as great as that of 1865, the saving by 
the use of soft water, on the basis of Mr. Bateman’s calculation, would be 
not far short of £1,400,000 annually. 
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as regards the wasteful expenditure of soap by hard water, a table was 
drawn up in 1893 by Professor Church, and inserted in the South Ken- 
sington Science Handbook, entitled “ Food,” showing the amount of soap 
destroyed by 10,000 gallons of various waters. The following extracts 


from this table are given :— 
Soap destroyed ; 


Watera. Ibs. per 10,000 gallons. 
"hates: 7.5. seat ose Shs Sees ees Ga, ee 212 
Litaise coe ny en tee. Rad. ee ee oy 204 
Kent Company... ww. we ee eee we 265 
Manchester... ...0 20. cee cee eee wee BD 
Preston v0. ave ac wes, see we i ane 9 80 
Glasgow (Loch Katrine)... 4 


Professor Church calculates the waste of soap as from 9 to 10 lbs. per 
10,000 gallons of water for every degree of hardness; and, moreover, this 
waste of soap “occasions a greasy deposit in sinks, pipes, and utensils, and 
forms one of the difficulties in dealing with sewage.” ‘“ When soda is 
added in washing to overcome the hardness, the fabrics are more or less 
injured, and insoluble earthy soaps are left in the fibre.” “For most 
industrial purposes a soft water is indispensable, and, with the exception of 
London, all great manufacturing centres have soft supplies.” 

Messrs. Giffen and Bissett —owners of a large laundry at Rutherglen, 
Glasgow, and also of another laundry at Putney Bridge Road—have kindly 
made enquires, at my request, as to the expenditure of soap for washing 
linen, &c., in their Glasgow laundry compared with that at Putney. 
They state as follows :—* For 250 gallons water we use in London 4]bs. 
of soap and 64 Ibs. of soda crystals, and for the same quantity of water we 
use in Rutherglen only 11b. 60zs. of soap and 1 1b. of soda crystals.” 
The linens washed at Rutherglen has “a snowy whiteness” impossible to 
reproduce at the Putney laundry. An 80 horse-power boiler in Putney 
requires every weck a gallon of softening fluid, and “every four months 
we require to blow off, and clean away a considerable amount of deposit 
from the inside of the boiler.” “This deposit, while accumulating, has 
been wasting heating power. In Rutherglen there has been no necessity 
for removing any deposit inside the boiler, and no softening fluid has to be 
used.” 

N.B.—The processes for softening water on a large scale by artificial 
means, and the cost of doing so, does not come within the scope of this 
paper, but is an essential element in determining what is the best and 
most economical water supply for any large population. 
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Mr. W. Martruews (Southampton Waterworks) said his position had given 
him opportunities for dealing with the question of the softening of water. The 
value of softening had been} continuously pointed out by chemists, engineers and 
others, but perhaps as much attention generally had not been given to the 
subject as might have been given. The reason the method had not been applied 
of late was because it was thought that the difliculties and expenses were great. 
But the difficulties were not so great as were imagined, and the cost was much 
less than supposed. Anyone who was inclined to go into the question would 
find that they could get water softened perfectly efficiently, with all the advan- 
tages of safeguards against contamination for the very small cost of about one- 
eighth of a penny per thousand gallons for consumptions of over one million 
gallons per day, and a reduction in hardness of about ten or twelve degrees. 


Mr. Crayton Beavis (Sidcup), in regard to the estimates of saving 
through the introduction of softened water, observed that any statistics based on 
a calculation of the difference of hardness of the two waters were absolutely 
useless. The only figures given inust be from the actual trade returns of the 
amount of soap consumed in the district. The table given in the paper was 
somewhat: misleading, because when soap is used for washing purposes the whole 
of the lime salts are not acted upon by the soap, only a very small proportion. 
Toch Katrine water was given at a very low figure for soap consumption; now 
with distilled water there was a certain consumption of soap which is about a 
15th part of that consumed by London water; on that basis, if the Loch 
Katrine water was absolutely free from all lime salts, they would still have a 
consumption of soap equal to at least 14, whereas the paper states it at 4. 
He took it this was given as a matter of calculation, and not as a matter of 
practical test. 


Siz Francis Suarp Powe.t, M.P. (London), in proposing a vote of thanks 
to the Chairman, said Mr. Whitaker was well known in the scientific world, 
and had done excellent service to the country in public capacities. The 
Conference felt it was under aun obligation to him for having devoted his time to 
its service. He had brought ability and knowledge to bear on their discussions 
of difficult problems, and he felt that as a result of their deliberations a great 
step in advance had been taken. Those who watched their proceedings from an 
unscientific point of view would feel confidence in the practical results of con- 
sideration which they gave to these complicated subjects. 


Mr. W. J. Buraxss (Liverpool) seconded the motion, remarking that the 
Conference was indebted to the Chairman for his very able contribution to the 
proceedings by his speech of the previous day. 
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VISIT TO THE NEW RIVERICOMPANY’S 
TESTING SHOPS AT CLERKENWELL. 
Arranged by HRNEST COLLINS, M.Inst.O.B, 
October 16th, 1901. 


HESE testing shops were originally designed for testing appliances to 

be used in connection with the Company’s supply, but they are now 

open to receive water supply appliances from any manufacturer for the 

purpose of testing. All kinds of appliances are tested, from large water 

meters to }-inch draw-off taps. The tests supplied consist of measure- 

ments of all parts of the tap to ensure a standard of strength and 
durability, and a trial of the tap under water pressure. 


VISIT TO THE EAST LONDON WATER 
WORKS, LEA BRIDGE. 
Arranged by W. B. BRYAN, M.Inst.C.E. 
October 16th, 1901. 


T this station there are twenty-five filter-beds, with a joint area of 
twenty-four acres. The water to supply the filter-beds is brought 
from Walthamstow by means of a broad open river. Two deep wells into 
the chalk have been sunk, and about 7,000 feet of tunnelling has been 
driven in various directions under the Company’s property, yielding a 
considerable quantity of water of great purity, and not requiring filtration. 
In addition to the steam-pumping engines, there are two 45-inch 
Hercules turbines, built by the Holyoke Machine Company, and two 
72-inch Giard, built by Giinther, of Oldham. These utilise the available 
water power, and are on the site of the old Lea Bridge Water Mills. 
There are thirteen pumping engines fitted up at Lea Bridge by various 
makers, and built at various dates from 1854 to 1900, so that the various 
modifications in large engines during half a century can be observed. 
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VISIT TO THE STAINES RESERVIOR 
WORKS. 


Arranged by W. HUNTER, M.Inst.O.E., and 
R. E. MIDDLETON, M.Inst.C.E. 


Thursday, October 17th, 1901. 


IHESE works, which are the joint property of the New River, 
West Middlesex, and Grand Junction Water Companies, are near’ 
Staines, and are being constructed under the management of a Joint 
Committee, consisting of three members each from the Boards of the 
three Companies. The intake from the Thames is situated in Bucking- 
hamshire on the left bank of the river, about 300 yards above Bell Weir. 
At this point sluices and a sluice-house are constructed, the intake being 
protected by screens to prevent leaves and other floating matter from 
entering the conduit. The first length of the conduit, for about 350 
yards, is covered, and, running from the intake in a north-easterly direc- 
tion, is carried in two steel syphons under the Colnebrook, after passing 
which it becomes an open conduit, the sides and bottom being formed of 
Portland cement concrete made in the proportion of 4 to 1. The conduit’ 
passes under the Great Western and London and South Western Rail- 
ways in double tunnel and under the Wyrardisbury River through steel 
syphons, crosses Staines Moor, is syphoned under the River Colne, and 
runs to the pumping station, situated near the Billet Bridge, which carries 
the London Road over the River Ash. 

The pumping machinery consists of five triple-expansion surface- 
condensing Worthington pumping engines (one being a spare engine), 
each capable of delivering 16 million gallons of water daily into the reser- 
voirs. Steam will be provided by six Babcock and Wilcox boilers (one 
spare), the working pressure being 150 Ibs. per square inch. The water 
will be delivered into the reservoirs through two riveted steel mains, each 
6 feet 4 inches diameter, joining into a steel pipe 7 feet 104 inches 
internal diameter near the reservoir, from which branch pipes of the same 
diameter will be taken down through tunnels constructed in the clay, and 
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connected to a water tower near the corner of each reservoir, where the 
western and central embankments join. The tunnels and water towers 
are massive constructions of Portland cement concrete, the former lined, 
and the latter faced with blue bricks. 

The stand-pipes for discharging water from the reservoirs are of cast 
iron, 5 feet internal diameter, having 48 inches and 36 inches sluice 
valves, with bell-mouth bends fitted to them, to enable the water to be 
drawn off at any desired level. These valves will be worked from a plat- 
form at the top of each of the water towers, the gearing being enclosed in 
a suitable building. From the bottom of the stand-pipe of each reservoir 
a cast-iron pipe, 4 feet diameter, will convey the water through the tunnel 
and across the new Stanwell Road to a basin 50 feet diameter, in which a 
weir has been constructed for the purpose of aération, and over which the 
water will be delivered into the conduit, which will rejoin the main 
conduit, from the pumping station to Hampton, a little to the east of the 
pumping station. Proper sluices will be provided for regulating the 
supply into and from the reservoirs, 

The reservoirs Nos. 1 and 1 are about 1} miles long by five-eighths of 
a mile wide at their northern end, and nearly a mile wide at their southern 
end. The embankments vary in height from 21 feet to 39 feet, and are 
formed of material excavated from the interior of the reservoirs, the 
excavation just balancing the banks to prevent the expense of running 
material to spoil. The slopes of the embankments are three to one inside, 
and two to one outside the reservoirs. In the centre of each back, 4 
puddle wall is constructed 6 feet thick at the top, 7 feet at the ground 
level, and tapering down to 4 feet, where it joins the London clay, into 
which it is securely toothed. This construction, for which this part of 
the Thames Valley is favourably adapted, will make the reservoirs per- 
fectly watertight. The inside slopes of the reservoirs are lined with 
concrete 5 inches thick for a vertical depth of 15 feet, so as to resist any 
wave action which may take place in so large a sheet of water. The 
average depth of the water in the reservoirs is about 30 feet, and their 
content is rather more than 3,300 million gallons. The aqueducts and 
reservoirs are guarded on all sides by unclimbable wrought-iron fencing, 
and the embankments will be sown with grass. 

After leaving the pumping station, the conduit is reduced in section, 
and runs through the Billet Bridge by the side of Shortwood Common, 
under the London and South Western Railway, and across the fields, 
passes under the Staines and Kingston Road, the line of which it generally 
follows until it arrives at Sunbury Cross. From this point the aqueduct 
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runs in a north-easterly direction along the north side of the East. London 
Waterworks at Hanworth, after which it bends to the south, passes under 
the Thames Valley branch of the London and South Western Railway, 
and is finally joined to a distributing reservoir of about 30 million gallons 
capacity, which is constructed to the east of Kempton Park. The New 
River will take its water from the aqueduct between the East. London 
Waterworks and the Thames Valley Line. The West Middlesex and 
Grand Junction Companies will receive their proportion of the water 
from the Kempton Park reservoir just alluded to. Proper measuring 
apparatus of special construction will be provided on the aqueduct leading 
from the Thames to the pumping station, on the smaller aqueduct from 
Billet Bridge to Hampton, and at the outlet to each of the companies. 
Venturi meters will be fitted in the 7 feet 10} inches pumping mains 
leading to the reservoir, and in the 48-inch mains leading from the 
reservoir. Automatic records of the water passing down the aqueducts, 
of the level of the water in the aqueducts, and of the water passing 
through the several Venturi and other gauges, will be kept, and in most 
cases will be repeated by electrical apparatus in the engine-house. The 
capital provided under the Staines Reservoirs Act, 1896 and 1898, is 
£1,250,000. The works have been designed, and are being carried out 
for the Joint Committee, by Messrs. Walter Hunter and Reginald E. 
Middleton, MM.Inst.C.E., of Westminster, the contract being entrusted 
to Messrs. John Aird and Sons, of Lambeth. Messrs. James Simpson 
and Co., London, are constructing the pumping engines; Messrs. Thomas 
Piggott and Co., Birmingham, the steel pipes; and Mr. G. Kent the 
gauges. 


SOME REMARKS ON THE RECENT 
OUTBREAK OF PLAGUE AT THE CAPE. 


By W. H. DOBSON. 
Sanitary Inspector, Johannesburg Town Council. 


( ASSOCIATE.) 


T the commencement of the spread of the disease, the government 

recognising that the local councils were hopelessly unable to cope 

with its suppression took the matter in hand, and a Plague Administration 

Department was formed. At the same time an Advisory Board consisting 

of the Colonial Secretary, the Medical Officer of Health for the Colony, 

and the Mayors of Cape Town and the suburbs, together with some of 
the leading doctors, met every week. 

The services of Prof. Simpson who happened to be in the country were 
secured and a crusade undertaken against the dirt and filth that had 
accumulated for years past. One of the first important works commenced 
was the formation of a location for the natives housed in the city, an act 
that had been for long needed, and brought forward, unfortunately 
without effect, for some years previously. At the same time the cleansing 
out of the town by areas was proceeded with. 

The plague had now, however, obtained a firm hold and was spreading 
rapidly, ten and even more cases occurring daily. 

The mode of procedure adopted was as follows :— 

The patient was at once removed to the plague camp at Maitland, 
some four miles from Cape Town, quickly followed by the whole of the 
contacts from the building, to the contact camp at the same place. The 
word contact being defined as one who had occupied the infected house 
during the past twenty-four hours. 

Formalin lamps were ther placed in the rooms and the house sealed 
up; during the next few days the valuators came and took an inventory 
of all goods within the house, which were then taken to the disinfecting 
station. The cleansing gangs then proceeded to work ; floors were taken 
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up and destroyed, walls saturated with corrosive sublimate solution, etc., 
and all dirt and filth removed and destroyed. 

Great efforts were made to destroy all rats, and for this purpose a 
number of ferrets were imported. It is of interest to note that the latter 
were found to be themselves very subject to contract the plague, thus 
requiring great care and attention on the part of those who used them. 

The disease appeared principally in the bubonic form, though cases of 
pneumonic were frequent. 

Although largely advertised and advised by the Public Health Autho- 
rities, inoculation with Haffkine’s Plague Prophylactic, performed free to 
the public, cannot be said to have been largely taken advantage of, this no 
doubt being due to the, in most cases, severe suffering that was the result 
of the operation. 

Much difficulty was at first experienced by the Authorities in dealing 
with the Malay portion—some considerable number—of the Peninsula, 
their creed forbidding the interference of Christians with their dead. 
Owing to the fact that the Government wisely employed men of their 
own faith to handle bodies, and also treated them with every consideration 
of kindness tempered with firmness, they became more reasonable. I 
recall however one case where a corpse was found hidden underneath a 
mattress in a house. 

And here I may say that one of the principal duties of the many 
amateur sanitary inspectors, who were employed during the plague, was to 
keep a keen watch for the concealment of cases; for it must be borne in 
mind that even the white people had a strong objection to the removal of 
contacts that the discovery of a case involved, and it cannot be denied 
that the escape of many contacts who, hearing that a case had occurred at 
their residence, never returned for some time to the house, was responsible 
for a considerable amount of spread of the disease. I once found the body 
of a Hindoo in the street that I afterwards traced to the house of a priest, 
from whence he had been thrown out when found to be suffering from 
plague. 

As a Public Health Official I cannot conclude without stating that the 
outbreak has shown the absolute need of all towns where there is the 
slightest possibility of plague appearing, always maintaining an observation 
ward fitted with the latest and best fittings ready for immediate use- 
Also to maintain in their stores, as too frequently is not the case, a large 
supply of well-known effective disinfectants. 
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DINNER OF THE INSTITUTE. 


NHE Dinner of the Institute was held at the Holborn Restaurant on 
Thursday, 17th October, 1901. Sir Francis Sharp Powell, Bart., M.P., 
Vice-President of the Institute, presided. 


Tue CHAIRMAN submitted the toast of “The King,” and said this was the 
first occasion on which he had been called upon to propose it. This was a 
melancholy change in their procedure, for they could no longer pay homage to 
their late beloved Queen. At least they had this consolation in the midst of 
their grief,—they had every reason to hope and every ground to feel certain 
that His Majesty would be worthy of his illustrious mother, and would justify 
their most cherished hopes and their fondest aspirations. 


Tae CuarrMman then proposed the toast of the “Queen and their Royal 
Highnesses the Duke and Duchess of Cornwall and York, and the other members 
of the royal family.” Of one thing, he said, they might feel perfectly certain 
that in the Queen Consort they had everything they could desire, and she would 
always occupy her position with dignity and honour. She won the affections of 
the people on the day of her landing, and those affections she would retain to 
the latest hour of her life. The thoughts of the nation had followed their 
Royal Highnesses the Duke and. Duchess of Cornwall and York from land to 
land, and from sea to sea, and now they were ready to welcome those dis- 
tinguished travellers on their return to their native shores. Everyone would 
re-echo his wish that they might have a safe and pleasant voyage over the 
stormy Atlantic. There was another name familiar at the Annual Dinner of 
their Institute, the name of their President, His Royal Highness the Duke of 
Cambridge, to whose services he would not then refer, as at a later stage they 
would have the opportunity of drinking his health as a separate toast. 


Mr. T. BuasHitt, F.R.I.B.A. (Late Superintending Architect to the London 
County Council), proposed the toast of ‘ Municipal Corporations.” He observed 
that most of them round that table were more or less directly connected with 
municipal corporations, which were great bodies not having the duties of 
Parliament cast upon them, but they had the equally important duties of 
preserving the health and the life of the individuals of the community. It w4S 
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not necessary for Lim to dilate upon the importance of those duties. The 
Sanitary Institute had been founded, and had carried out its praiseworthy 
intention of helping those corporations in every possible way to discharge 
functions relating to public health and sanitation. That was an important 
part of the work which was carried out by means of influential congresses in 
various parts of the country. At the last of these some 1200 delegates were 
received from various corporations to help in the discussion and solution of all 
kinds of sanitary problems. The Conference which had just been held in regard 
to river pollution was, of course, a small affair comparatively, relating to a small 
section of the duty of sanitarians. The Institute, further, held examinations to 
test the capabilities of persons who held positions under the municipal bodies. 
Some 7,000 candidates had been examined and 4,000 of these held certificates 
with credit to themselves and advantage to the community. With the toast he 
had to couple the names of the Mayor of Dover and the Mayor of West Ham. 
West Ham, which fifty years ago was like a rural village, now had 270,000 
inhabitants. Seldom had so great an administrative problem been so quickly 
placed on the authorities as in the case of West Ham, whose corporation, he 
believed, was able to cope with all the difficulties with which it was faced. 
He believed the corporations of this country were doing their duty, and that 
the newly created metropolitan borough councils, of one of which he had the 
honour of being a member, St. Pancras, were endeavouring to justify their 
existence. These latter bodies seemed to be alive to the necessity for im- 
proving administration, and at the last meeting of his council they put four- 
pence-halfpenny on the rates without hesitation, showing that they had the 
courage of their convictions and intended to do their duty to the public 
despite criticism. 


Tue Mayor or Dover, in responding, felt it to be an honour and a privilege 
to be toasted in such an assemblage as that. He represented the authority of 
one of the most ancient towns in the kingdom, and although some corporations 
might be accused of sleepiness he could assure the company that at Dover they 
were quite up to date. They had recently had to appoint an additional Inspector 
of Nuisances, and the first thing they did was to require that he should be 
qualified, and hold the certificate of the Sanitary Institute. Reference had 
been made to rates, and he could explain that at Dover no question in regard to 
rates was allowed to intervene when the health and sanitation of the town was 
being considered. Dover was peculiarly fortunate in sanitary matters, owning 
their own waterworks, their own electric trams, and their own electric lighting. 
He believed that every corporation of a town of any size should be the proprietor 
of each of these undertakings. Possibly corporations would do even better than 
they had done if there was not so much red tapeism on the part of the Local 
Government Board. Whilst he believed there should be some check on spending 
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bodies who might be inclined to be extravagant, at the same time obstacles were 
often thrown in the way of works that were absolutely necessary for the health, 
prosperity and happiness of the borough. He hoped that local administrators 
would take to heart the words spoken the previous evening by the Colonial 
Secretary, who said “That all citizens of our towns should show the local 
patriotism which they possessed by coming forward to serve their town, and 
thereby serve their country.” They might look to Parliament for a great deal of 
the good they desired to do, but a great deal more depended upon the way in 
which the public duty was performed by the citizens of their own boroughs. 
Without the aid of Parliament it was astonishing what a town could do if it 
made up its mind to tread the path of progress despite even the obstacles and 
opposition which were thrown in their way by Government departments. He 
had had some experience of that last session, when his Corporation endeavoured 
to obtain powers to regulate the advertisements on Dover Cliffs, which were 
grossly disfigured by huge advertisements. It required an awful amount of 
work to persuade the Parliamentary Committees to allow that Bill to pass, but 
they had been successful; and in this matter Dover had set an example to the 
rest of the kingdom, which he hoped other towns would not be slow to follow, 
thereby doing away with an abomination that met dwellers in cities at almost 
every point, and met the eyes of travellers in even out-of-the-way rural places. 
He thanked them, on behalf of municipal corporations, for the honour which had 
been done to them that evening. 


Tus Mayor or West Ham also responded to the toast, and remarked that 
Mr. Blashill evidently knew West Ham before he did. Well, it was not 4 
village now and it had nearly doubled its size in the short time he had known it. 
The population of West Ham was now 270,000. They had nof the white cliffs 
of Dover, or the sea air to rejoice in—no, they had the smoke from London, 
while the main sewer passed through their midst. Whatever else could be 
charged against the West Ham Corporation it could not be said they were lazy, 
indeed some people thought they were too lively, and they did not let much 
grass grow under their feet. Within the last few years they had installed an 
electric lighting station, and they were in hopes shortly of being able to instal 
an electric tramway system, but there were certain obstacles which had to be 
overcome. No doubt all their difficulties would be overcome in a little while. 
In regard to rates, West Ham was on the top of the tree, They put on 
sixpence and fourpence in the pound at a time, and although the ratepayers 
grumble they pay just the same, but the rating question was a serious one in 
West Ham for they now had a rate of 9s. 8d. in the pound, and he was not quite 
sure they had stopped rising yet. It was a pleasure for him to be present that 
evening to acknowledge the assistance the Sanitary Institute had given to the 
corporations. The congresses which were held were most useful. They wer? 
the means of imparting to members of corporations information on techni 
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problems, and they could take back to their corporations ideas gathered in 
their intercourse with the delegates of other councils. 


The Cuarrman (Sir Francis Powell, Bart., M.P.) then proposed the toast of 
the evening, “ H.R.H. The Duke of Cambridge and the Sanitary Institute.” In 
one sense he regretted he said that it should be necessary for him to propose 
this toast, because H.R.H. The Duke of Cambridge with characteristic kindness 
had on previous occasions occupied the chair which he now had the honour and 
privilege of filling. Owing however to this being a year of mourning in the 
* royal circle, His Royal Highness had asked to be relieved on this occasion from 

the duties which he had so kindly and courteously discharged for so many years, 
He proposed the health of the Duke of Cambridge, their President, and in doing 
so fully recognised his long and highly valued services, and expressed the hope 
that next year he would be amongst them once more. Coupled with this tvast 
was also that of the Sanitary Institute, and he could not introduce that toast to 
their favourable consideration without expressing his deep regret—a regret 
which he felt they would all share—that they had to lament the death of Mr. 
Rogers Field, whose presence on their Council was frequent, whose advice was 
always valuable, whose gifts never ceased, and who to the latest hour of his life 
had shown his interest in them by the liberal bequest of £5,000. They could 
not permit their friend to pass away from their midst without some reference to 
his services to the Sanitary Institute. As regards the Institute, it has become 
in one sense old because so many societies were springing up around it, but 
although they were old in years they were constantly renewing their life. He 
was certain that there never was atime when more excellent work was béing 
done by the Sanitary Institute. They had had in the course of last year no less 
‘than 70 meetings, and they had gathered under their roof no less than 15,000 
people, and there had been more than 200 applications for membership and 
associateship. The Institute was proud of its past; it rejoiced in the present ; 
and they were determined that their future should surpass both. It was a bappy ° 
thought to join together in one Association those who were gathered together 
under the auspices of the Sanitary Institute. They had among them those who 
were eminent in the medical profession ; they had those who were most skilled 
in engineering, and those who were conversant with the most multifarious 
details of sanitary appliances. All these gentlemen worked together in one 
happy comradeship without jealousy and without rivalry; only one desire 
animating them: how best to serve the great cause for which and in which they 
all laboured. It was a great privelege to take part in their work which, in a 
measure and to an extent accorded to only few, enabled them at once to guide 
public opinion and to exercise control over administration. There were some 
who sought to guide public opinion whose want of experience made them 
become in the course of a few years wearisome and tiresome pedants, and there 
were those who studied the practical side so much that they were constantly 
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falling into error for want of that scientific knowledge which is necessary to 
carry out any scientific experiment. The Sanitary Institute guides public 
opinion; public opinion made the laws; laws are in vain without public opinion 
—a remark which was specially applicable to laws affecting public health, which 
affected and must affect every daily event in the life of the people. The citizens 
have learnt sometimes by experience—silent melancholy experience—or in more 
happy cases by taking advice in time—the importance of deference to sanitary 
regulations; without their support toil and labour of sanitary reformers must 
end in pain and disappointment. That sentiment was active in their minds, 
They were not content to possess knowledge; for knowledge locked up in the 
treasury of their minds was for the present at least a vain and useless know- 
ledge ; but having gained that knowledge they desired to desseminate it day by 
day and teach the people to practice that which they so perseveringly taught. 
They had done much, and had for many years watched the cours2 of public 
events both in Parliament and in the country. A retrospect of that kind was 
eminently encouraging and full of hope. They had done one thing at least, and 
that was the germ of many future things. They had destroyed that terrible 
acquiescence in bad surroundings which paralysed all effort and was fatal to 
progress. They found everywhere increasing interest, greater intelligence, and 
more readiness to co-operate with those sanitary reformers who desired to carty 
their healing message to the homes of all the people. There was an intelligent 
activity all round, whether they went into the crowded town or into the village. 
Everywhere was to be found a desire to Jearn and a willingness to practice. So 
far as the Sanitary Institute was concerned they had one ground of hope, and he 
confessed to having been greatly struck by it that day. He did not think that 
the great men who had aided them with their counsel and their active co-opera- 
tion were content with the progress already accomplished. In the debate that 
day there was a sign of intellectual life, for he recognised no indication whatever 
of that acquiescence in evil surroundings which he had deplored a few moments 
ago: on the contrary, so marvellous was the activity, and so full of knowledge were 
the speakers, that it required all the skill of a most accomplished Chairman to 
restrain debate within due limits either of time or exhortation. There never was 
a Chairman more equal to his task, never was there a body of speakers more 
worthy of such a Chairman. Whenever they thought of their Institution the 
first thought in their minds was the Parkes Museum. That Museum he believed 
to be not only of national but of European importance. Visitors were not 
confined to people of this country, and they had imitators in foreign lands. 
From that Museum he believed great benefits had been conferred even 00 
Fastern Europe. The Institute was not content to allow the Museum to 
remain in its present position. The Council felt that an Institution wortby of 
the name it bears or the object it has to accomplish should be better housed. 
He admired the courage of the active members of the Council in moving with 
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energy to place in London an institution fit to fulfil the duties which that 
Museum is called upon to discharge. The Council fixed the amount required at 
£25,000, and he hoped that £25,009 would soon be placed in their hands by the 
generosity of an appreciative public. There were two points of general interest 
to which he should like to refer. The first was that of the housing of the 
people, which occupied them at an important conference convened not many 
months ago. The housing of the masses was a popular cry; it had almost 
become a fashionable cry. He regarded that stage as the most dangerous stage, 
and one likely to lead to results of a disastrous character. What he feared most 
at the present moment in regard to the housing of the people was that demon of 
exaggeration. The census which had been recently published gave them useful 
information in this matter, and a comparison of the statistics in those returns 
would show that if there be a deficiency in the housing it must necessarily 
be in the character of the houses rather than the number. - Then, too, if they 
travelled from London to any distant part they would be impressed by the 
multitude of new houses which are springing up in almost every part of a 
prolonged journey. He believed this problem of housing the people was now in 
many cases either entirely solved or on the point of being solved. In his own 
Borough of Wigan, the town which he represented, it was stated on the highest 
authority that they had the solution of that problem entirely in hand. In the 
City of Bradford, owing to private enterprise, there had been an enormous 
extension of dwellings for the people, and if in a moment of panic or in a 
moment of ill-informed enthusiasm they built houses not required, those houses 
would be the cause of great expense; then they might depend upon it there 
would be a re-action most prejudicial to their cause. No doubt in London, 
Liverpool, and the largest towns there was great cause for movement, but even 
in this case he hoped that movement would be made with discretion, for he 
hoped the time was not far distant when this problem would be solved and the 
housing of the people would be regarded asa trouble of the past. There was 
one more point to which he might reter, and he might be pardoned for referring 
to it, and that was a question of river pollution. Here as in so many other 
branches of their beneficent work they were making real and substantial 
progress. Their progress might be slow because evil habits are only eradicated 
by slow degrees, but their progress was sure. He hoped that the time was not 
far distant when the working classes, who are really the masters in these things, 
would decline to have their homes polluted by the contamination of foul streams. 
The remedy for the evil he believed would come from the people, and when they 
could persuade the working man that his family is injured by the pollution of a 
stream and the pollution of air, then would a remedy be quickly applied. He 
had the honour of being the Chairman of the House of Commons Committee 
which dealt with the Bill relating to the Mersey and the Irwell. From that 
Bill great results had already been obtained. There had been the West Riding 


VOL, XXII, PART IV. PP 


582 Dinner of the Institute. 


Bill which is now working in Yorkshire with great success. That work was 
slow because opposition was obdurate, but the authority’was determined. He 
was sure that in the course of a few years, owing to the advances made by the 
great men of science, there would be in the course of no long series of years an 
end of the dilliculties which had been noted in the past. He had to thank them 
for the indulgence extended to him in his unduly prolonged remarks, but. he 
looked back on the past with a firm hope as regirds the future. He remembered 
the manufacturing town where he lived as a boy, and he knew something of 
what it was now. If such a progress could be made in another lifetime an 
immense triumph wonld be indeed achieved. At this moment he felt as if we 
were cutting our way through a forest and clearing away obstacles, but we see 
vlimpses of fair country beyond. No doubt our sons and our grandsons would 
bless us for what we have done, because they would then live in a health-giving 
country with the sun illumining the heavens, irradiating and blessing them all. 


Mr. A. Wynter Bryri (the Chairman of the Council of the Institute) in 
responding thanked the company for the cordial manner in which the toast had 
been received, and explained that the Sanitary Institute had been established now 
over a quarter of a century. He claimed that the Institute was managed in the 
best way possible, both as regards its members and as regards the interest of the 
community at large. The Council was composed not only of Medical Officers of 
Health and Physicians, but also of eminent Architects and Engineers. These 
gentlemen worked very hard, and during the last year had attended no Jess than 
125 meetings, making 740 individual attendances. This was remarkable in more 
ways than one, for in this work they had nothing to gain personally, it was an 
unselfish and self-denying labour. The Press was not present at the Council 
Meetings, and there were no attractions except the work itself, he therefore 
claimed that the Council had done its duty to those who constitute the Society, 
and to the public at large. The work of the Institute began with the education 
and examination of Sanitary Inspecturs, but it was something more than that. 
No doubt that work was important because it dealt with sanitary observation, 
and unless they had properly qualified men to carry out the details of sanitary 
administration sanitary advance was not possible, but that was a small part of 
their work. They held Congresses and Conferences from time to time, as, for 
instance, the Conference which had just taken place, which had been so well 
attended, resulting in discussions in regard to water supply of the highest im- 
portance. A little time ago the Institute also held a Conference on the subject 
alluded to by the Chairman “The Housing of the Working Classes,” and that 
was very largely attended. The discussions in both Conferences were instruc 
tive, and some practical conclusions were arrived at. The Institute was not 
local in any sense or form. They were not a London Society, and not even 4 
Society belonging solely to the British Isles. They were a National Society, and 
their ambition was to be Imperial in the true sense of the word; wherever the 
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sun rises and sets on the British dominions there they desired to place a branch 
or some affiliated Society of the Sanitary Institute. These aspirations were not 
extravagant, because already in that great country “Australia” they had a 
branch so far as regurds examinations. They had also a branch in Canada 
affiliated with themselves, and they were looking to India at the present moment 
for development. Certain negotiations in this latter direction were in progress 
which were too immature for him to dwell on in detail. He merely mentioned 
these things to show that the ambition of the Institute was not confined in its 
scope. They wished to be world-wide, for they felt that hygiene was of a 
national and imperial character. When it was considered what the Institute 
had done for hygiene, how they had popularized it, and at. the same time made it 
accessible, it conferred upon them the right to possess large ambitions. The 
Institute had not neglected the technical aspects of sanitation. In their 
educational system they taught high science so far as it was applied to their 
particular subject, and with regard to the Museum which took the name of 
Parkes because it was established in memory of one who was the first Professor 
of Hygiene in this country—whose name they would always keep before them— 
they could find further proof of the activity of their Institute. The Museum 
was inspected by thousands of visitors to this country, particular by visitors from 
America, about whom Englishmen felt that though they had a separate govern- 
ment they were still part of themselves. An enormous number of Americans 
interested in sanitation and hygiene made pilgrimages to the Parkes Museum. 
They had a difficulty in finding it because it was in a small street and without an 
imposing exterior, its entrance might be the entrance to a school or to a noncon- 
formist chapel, but when they did get there they found many exhibits of great 
value and interest all crowded together because there was no space to set them 
out. Now he believed that such an Institute building as theirs at the present 
moment was not worthy of the British nation. Paris, Berlin and other great 
continental cities erected magnificent buildings for less worthy objects, and the 
Council of the Institute thought the nation ought to feel ashamed to see so 
valuable a work housed in such 8 building. It was not worthy of the great City 
of London, it was not worthy of the English speaking races. Taking even the 
question of the war, far more soldiers had died from deficient hygienic conditions 
than from the bullets and sabres of the enemy. That had always been so in the 
wars of the past, and in the case of the Transvaal war it would be seen that more 
died of typhoid fever than from the sniping of the Boers. Was not this an illustra- 
tion of the importance of a great Institution like theirs, which made a speciality of 
these and kindred subjects, and did it not suggest that their Institute should be 
suitably housed and recognised by the nation. He was sorry to say they had 
had no recognition in the matter of funds by any Government as yet, but they 
were living in hopes, that like many other great Institutions in England, their 
claims to support would be recognised, if not by the State, at any rate by the 
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public. At present they were depending on their own efforts, and hitherto those 
efforts had been successful. At the present time they were attempting to collect 
a fund for the erection of a proper building. Their ideas were moderate. If he 
had been asked for his own estimate of a building suitable for their use he would 
have said half a million. In other countries far more than that had been spent 
on buildings with far less worthy objects than theirs; however, they believed for 
£75,000 they could equip a building which would do justice to their cause and 
meet the needs of the case. They had made a beginning, and had got a certain 
amount of subscriptions from Vice-Presidents, Members of Council, Sanitary 
Manufacturers and others, which together with the capital allotted for the 
purpose made altogether about £7,000, but they required about ten or fifteen 
times that amount to erect something which would be alike worthy of the 
Metropolis and of sanitary science. There were present that evening represen- 
tative men from the provinces, and he could not help admitting that in many 
matters London was much behind the provinces, especially in regard to muni- 
cipal work. London was always going to the provinces to learn how to do 
public work in a proper way. Now those municipalities were considerably 
indebted to the Sanitary Institute for aid in regard to sanitary administration, 
and he hoped the various provincial municipalities would consider the claims 
they had, both from a national and sanitary point of view. With regard to the 
educational system of the Institute the various exhibits they had in the Museum 
and the exhibits which they held from time to time had given them an unrivalled 
collection of samples of both good and bad sanitary appliances as adopted for 
every day use and all classes of persons, whether they be Chairmen of Sanitary 
Committees, or Medical Officers of Health, or Sanitary Inspectors, both classes 
could always find something instructive and new in the Sanitary Institute to sid 
them in the course of their public duties. Their efforts were not confined to 
education, but they had done something in experiment. For instance, they bad 
appointed a most important Committee, of which the late Mr. Rogers Field was & 
member, which was called the Cowl Committee, and the late Mr. Rogers Field 
had spent on that Committee £2,000 in order to thoroughly investigate 4 
particular problem in ventilation. The report of that Committee had been 
published and issued by the Institute, possibly it was the most. important 
contribution to the problem of ventilation which had ever been published, and he 
hoped all persons interested in this matter would secure a copy in order to 
ascertain the results of the latest researches into this very difficult, practical 
question. The Institute bad also made experiments on sewage disposal, and 
certain experiments connected with details of the by-laws of the London 
County Council, this latter investigation was still being conducted. From this 
outline, he contended, the company would be able to see theirs was a great 
Institute which was doing a great work, and well worthy of support. 
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Dr. A. NEwsnorme (Medical Officer of Health, Brighton) then submitted 
the toast of “The Guests,” and remarked that the Sanitary Institute was always 
delighted to receive as guests those interested in matters relating to the public 
health. They were especially pleased to have present representatives of local 
authorities who were carrying on public health work in different parts of the 
country. They had present the Mayors of Dover and West Ham who had 
already addressed the gathering, and representatives from large industrial 
centres of population like Salford, whose medical officer, Dr. Tattersall, had 
written a most able report on the recent epidemic of “arsenical poisoning.” 
It was unfortunate that our official machinery in regard to notification was so 
defective, and that for months arsenical beer poisoning had been going on in the 
north of England without the responsible sanitary officials being aware of it. 
1t was their hope and wish that the local authorities of this country would be 
saved from the slightest taint of corruption. It was in local affairs more than 
in central that the welfare of the country was most undoubtedly concerned. 
Members of local administrative bodies would be, he thought, prepared to admit 
that without their skilled advisers they would be comparatively helpless, and 
this suggested to him the wisdom of advising local authorities that in order to 
secure the best skilled advisers, whether they be engineers, chemists, medical 
officers of health or analysts, they must pay the best salaries for the best men, 
and not allow competent officers to drift out of the municipal service into 
private work where double, and treble, and quadruple the salaries now officially 
paid could be earned. They must secure for their skilled advisers not only a 
living salary, but also security of tenure and the removal of the ignominy of 
annual re-election or quinquennial re-election, thus rendering it highly dangerous 
for medical officers and other officials, however courageous they might be, to do 
their duty without fear or favour. Present with them that evening they had 
Mr. Hunter and Mr. Middleton, the engineers of the Staines Water Works, 
which had been visited by the delegates to the conference of the Sanitary 
Institute. They were all greatly indebted to these gentlemen for their valuable 
assistance. They also had the favour of the company of Mr. Bryan, the able 
engineer of the East London Water Works. The water companies of London 
ought to be congratulated on the efficiency with which they have prevented any 
considerable amount of typhoid fever in this great metropolis which may be 
fairly ascribed to the water supply. Amongst their company they had two very 
distinguished representatives of the medical profession. The foundations of 
public health lay in medicine, and the range of preventive medicine became 
wider and wider. Sir William Broadbent and Sir William Church were with 
them that evening, and they appreciated the honor which had been done them 
by the visit of two such distinguished Fellows of the Royal College of Physicians. 
Of the work of Sir William Broadbent it was scarcely necessary to speak; for 
everyone knew of the important part he had taken in the recent British Congress 
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on Tuberculosis. In this connection it occurred to him that the centre of 
gravity of sanitation had become altered. Formerly, and quite rightly, it was 
the big works of water supply, main sewerage and similar matters which 
engaged attention; now it was the domestic aspect of sanitation which was 
coming to the front. One of the chief lessons of the congress was that the 
cleanliness of the house, freedom from dust and dirt, were a most important 
factor in the prevention of disease. Sir William Church, who was the head of 
the medical profession in this country, had done a work which was known to 
them all. At the call of his Queen he went out to South Africa and at great 
personal inconvenience took a leading part in that Commission which inquired into 
hospital administration in connection with the war. That inquiry had shown 
that everything practicable had been done by medical men engaged in succouring 
the wounded and attending the sick, making due allowance for difficulties of 
transport: but they recognised that behind the question of hospital administra- 
tion so ably and satisfactorily settled by that Commission, was the larger question 
of the causes of the excessive amount of infectious diseases in South Africa: 
an the question arose as to whether everything had been done to prevent that 
enormous amount of typhoid which decimated the army in South Africa; and 
if not, why not? They were looking to the later report of Prof. Notter and 
his colleagues who were inquiring into the origin of dysentery and typhoid in 
South Africa, and trusted that the labours of these gentlemen would result in 
a future diminution of typhoid fever. It was sufficiently clear that if each 
commissioned officer in the army had attended a course of instruction at the 
Sanitary Institute there would have been much less typhoid fever than there 
had been. He thought one of the main lessons of the future is that our military 
officers first of all, and our soldiers afterwards, must be taught the elements of sani- 
tation in order that they may do what was possible and right under the varied 
circumstances of a campaign. It gave him great pleasure to propose the health 
of “The Guests,” coupling with it the name of Sir William Church, President 
of the Royal College of Physicians. 


Sir Witt1am Cnvurcu (President of the Royal College of Physicians), in 
response, said that he was giving expression to the feelings of the guests of the 
Institute when he heartily returned thanks for the invitation. They had not 
only had a sumptuous repast, but they had had a most interesting evening. The 
speeches of the Chairman and of the Chairman of the Council were worthy of 
attention. Dr. Newsholme had truly said that the profession he had the honour 
of representing had always been interested in the question of hygiene. Some 
time ago his profession might have taken peculiar views of sanitation, though in 
the very early days they would find that medical men preached the value of 
moderation and fresh air. It was with extreme pleasure he had heard the 
references to Dr. Parkes, whose memory was venerated in the College of which 
he was President. Owing to the munificence of a Fellow of that College there 
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had been instituted the Parkes’s Prize, which was specially connected with 
public health, and particularly with tuberculosis. For years in the College they 
had had lectures on public health—the Milroy lectures—and he thought the 
Sanitary Institute would admit that the medical profession and his College had 
always done what they could to imbue the public with the ordinary principles of 
hygiene and the value of sanitation. It was for the public good, and was most 
satisfactory, that laymen as well as medical men were taking so great a promi- 
nence in this work, because there had always been a feeling in these matters that 
the doctor was working in some way for his own benetit. There was not any 
such feeling in the case of the Sanitary Institute. References had been made by 
the Chairman of the Council and by Dr. Newsholme to sanitation in armies. 
Whilst he did not wish to enter into the general question, they might be 
interested in hearing a word or two with regard to his own experiences. The 
Royal Commission on which he had the honour of serving, among other things 
did suggest that there should be a certain number of medical officers attached to 
the army who were more or less experts in sanitation. In making that recom- 
mendation the Commission did not think that medical experts were particularly 
wanted on the march. They could not send the medical officer ahead, so that 
with armies on the march there was not very great room for the sanitary expert. 
The man acquainted with the principles of hygiene who had plenty of common 
sense appeared to him to be the sort of man required. A man of that sort: 
should be attached to the headquarter staff, or to the staff of any general 
commanding any expeditionary force. That used to be the case, and he under- 
stood that it worked very well. Why it was abolished he did not know. The 
Royal Army Medical Corps said to a man they did not know why the post was 
abolished, and thought. it was a great pity. All the general officers who were 
examined said the same thing. It was impossible for the principal medical 
officer attached to the general staff to supervise the work, because the work was 
really that of a sanitary inspector rather than that of a medical officer. What 
the Commission felt—what he felt—was wanted was a sanitary officer to keep 
the Provost Marshal up to his work. The Provost Marshal was responsible for the 
scavenging of camps. The medical officers were only responsible for the con- 
dition of their own hospitals within the camps. It would be a measure of very 
great advantage to our army in active service if there was always attached to the 
staff a sanitary medical officer who had only sanitary duties to discharge, and 
who had ready access to the Commander-in-Chief or the officer commanding the 
expedition. That seemed to him to be worthy of consideration. The principal 
medical officer of a hospital had no powers outside it, and the principal medical 
officer of the force had so much work to do that he could not be expected to look 
after the sanitation of the different spots in which the hospitals were placed. 
There appeared to be no responsible person to impress the great necessity for 
scavenging. But they were not to infer from that remark that the scavenging 


588 Dinner of the Institute, 


was badly or incompletely done, but in his opinion great improvements might be 
made. In military matters they wanted the opportunity of having a real expert 
in sanitation, a man who understood the difficult questions of ventilation, 
drainage, &c.; but such a man was not really so much required upon active 
service, when the army is on the move. The position of camps then had to be 
determined by military exigencies. Those who had taken the trouble to read the 
report of the Commission, and still more those who had read through the 
evidence, would find that of all the hospital camps investigated there was only 
one which seemed open to very much question from a medical point of view. It 
was pitched in a hollow, and the Commission was told that there was fungus 
growing beneath the waterproof sheets of the patients. That, he believed, was 
the case, but the Commission was convinced that it was unavoidable that the 
hospital should have been so placed. If it had been in a better situation so far 
as mere site went, it was found first that that ground had been used as a camp 
before, and secondly, that it was exposed to the shell fire of the enemy. There- 
fore the sheltered place had to be selected. With that exception they did not 
find fault at all with the situations of the hospitals. Having apologised for 
these remarks, which were called forth by Dr. Newsholme’s remarks, Sir William 
concluded by again thanking the company and expressing his pleasure at being 
present. 


Dr. C. Cups gave the concluding toast, “The Chairman.” He said that 
the speech of Sir Francis Powell that evening was very encouraging to sanita- 
rians. Their Chairman was well known to the members of the Institute, not 
merely as a Vice-President, but as one who had always taken an active interest 
in its proceedings. On many occasions Sir Francis had presided over their 
deliberations, and by his genial tact and business capacity they had been able to 
get through much good work in a short space of time. Particularly were they 
grateful to him for his influence in the House of Commons, and for having 0 
closely identified himself with the important subject of the prevention of pollu- 
tion of rivers. In 1899 Sir Francis presented a Bill to the House which was 
intended to simplify the defective Act of 1876. By this Bill procedure would 
have been simplified and many difficulties removed, together with the encum- 
brances which obviate active administration. He had the opportunity of 
attending the House of Commons when the Bill was being introduced, and was 
much struck by Sir Francis Powell’s enthusiasm on the one hand and the 
indifference of the legislators on the other. That indifference prevailed and the 
Bill was talked out: but for all that, they desired to thank Sir Francis for his 
energy and courage. It was to be hoped that the outcome of the Conference 
which had been held would encourage him, and impress their Chairman, as it had 
impressed himself, with the fact, that a distinct progress had been made in the 
last year or two in the tide of public feeling and also of professional feeling 0” 
these matters, and he hoped they would see their efforts crowned with success. 
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There were many points in reference to their indebtedness to their Chairman, 
but he would be content with what he had said, and ask the company to drink 
enthusiastically to his health. 


The CuaigMan (Sir Francis Sharp Powell, Bart., M.P.), in reply, thanked 
the company for the compliment which had been paid to him with so much 
undeserved enthusiasm. He assured them that their action that evening would 
stimulate him to further efforts. With regard to the Rivers Pollution Bill, he 
did not know what the future mind of the House of Commons might be, but 
certainly at the present moment there was a great indisposition to allow private 
measures to pass into law, except those in which there is no difference of 
opinion, which can be proposed in the course of a few brief compendious 
sentences. What a Member of Parliament could do was to stand to his guns, 
continuously fire, and make himself more or less disagreeable. He hoped those 
who were engaged in this work would do that. The late President of the Local 
Government Board, Mr. Chaplin, was wholly in sympathy with the Bill, and he 
hoped that Mr. Walter Long would not be less sympathetic. He hoped that by 
perseverance and by continual pressure they would induce the Government to 
take up the measure, though whether it would be in exactly the form of the Bill 
of which he was in charge he could not venture to say. They knew how jealous 
Governments were of measures coming from a less celestial source than them- 
selves. But perhaps they may be set to work and a Bill so knocked into shape 
that the Government can force it through even a reluctant House of Commons, 
and so prove that the labours of The Sanitary Institute in regard to river pollu- 
tion will not have been wholly in vain. He once more thanked them for their 
kindness, which he could only view as a further incentive to continue his work. 
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COWL REPORT. 
Description of Terminals which gave the most favourable results. 


OME of the Members may be interested in seeing the full description 
of the forms of terminals which appeared to give the most favourable 
results according to the experiments conducted by the Cowl Committee. 


Downcast Terminals. 


Fie. 1—Front View; Fic. 2—Sipz View: Fic. 3—Tor V1EW- 
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As it seems that a good deal depended upon the shape and proportions, 
these are fully set out for the use of anyone who wishes to make similar 
forms of terminals. Application for provisional protection for the three 
forms of terminals referred to was made by the Institute, while the report 
Was in preparation, in order to prevent any monopoly being established. 

The Council do not wish to put any restriction on the use or manu- 
facture of any of the terminals patented, or other new forms represented 
in the report. 

The whole of the records of the experiments, of which the published 
tables form only a part, are filed at the Institute and can be referred to 
by Members. 


DEscrRIPTION OF Down-Cast TERMINAL. 

The down-cast terminal (figs. 1-3) consists of a movable head or shovel- 
shaped head, the top of which is a straight or nearly straight edge, of a 
width slightly less than four times the diameter of the pipe. The sides of 
the shovel-shaped hood converge towards the bottom, and at the same time 
curve round, so as to nearly fit the top of the pipe, the leading edges form- 
ing a curve, which forms a tangent to a section of the pipe at the point of 
junction of the hood with the slightly conical lower portion of the hood. 
The central contour line of the hood is perfectly straight, and presents an 
angle to the axis of the pipe at about 140 degrees. The conical portion 
of the hood is of a somewhat flattened or elliptical section, the long axis 
of which lies parallel with the leading edge of the hood, and which tapers 
down to a round section, in length about equal to the diameter of the 
pipe. At that point it is jomed to an enlarged cylindrical portion in 
which, by webs or feathers of the usual form, the supporting pivot is 
secured. The step carrying this pivot is secured in a parallel piece of 
pipe forming a head to the fixed pipe, the enlargement of both of these 
portions being arranged to provide a sufficient area of passage to balanee 
the loss due to the obstructions formed by the pivot and its step bearing. 
Where the cowl is employed as a down-cast cowl, a vane is secured on 
the back of the cowl to keep the hood presenting its edge normally to the 
direction of the wind. 

The uncapped terminal (figs. 4-6) consists in a conical ring head of ver- 
tical height of about three inches, which may, however, be slightly increased 
for pipes of more than one foot in diameter. Its upper orifice is approxi- 
mately one-quarter greater in area than the pipe, while the effective 
annular area between the top edge of the pipe and the conical ring is 
approximately four and a half times that of the pipe. The bottom of the 
conical ring is disposed on or about the level of the top of the pipe. An 
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Uncapped Terminal. 


Fie. 5. 


Lhe effect of this Terminal is improved by being fitted on 4 
Diverging Tube. 


odd number of gills or feathers join the pipe to the conical ring, and both 
the upper and lower edges of these preferably make an angle of about 
forty-five degrees to the axis of the pipe, but the upper edges must in all 


DESCRIPTION. 593 


cases terminate at the top of the pipe and at or below the top of the 
conical ring. The best results are obtained with nine feathers, although 
a less number may be employed with somewhat less effect. It is found 
that a partial vacuum is formed behind the gills, which greatly accelerates 
the up-cast current. 


Capped Terminal. 


=. eee 


Fia.8. 
The effect of this Terminal is improved by being fitted on a 
Diverging Tube. 
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The capped louvre terminal (figs. 7-9) is formed of a conical ring of the 
character just described with reference to the uncapped terminal, but has a 
smaller proportion between the area of the pipe and the area of the annular 
space between the pipe and the bottom of the conical ring, which is placed 
about the same level as to top of the pipe. The slope of the conical ring 
however, much less, and the area of its upper end is made equal to the 
effective area of the annular space, while its height remains as before, 
about three inches. A cap is supported over the mouth of the conical 
ring or terminal proper. This cap may be either a simple plate or a plate 
surmounted by a cone, but is preferably formed of a cylindrical ring not 
less than four inches in vertical height surmounted by a conical portion. 
This cap is supported by stout wire stays at a distance above the conical 
ring equal to one third the diameter of the top of the conical ring. An 
annular plate or flange is placed round the conical ring about the centre 
of its height. This flange should be of a diameter equal to that of the 
cap. The cap allows the louvre or terminal to be of large diameter at 
the top, and the surmounting cap protects the cowl from down-draught, 
due to a down-blow, while the flange on the conical ring protects the cowl 
from down-draught by an up-blow or from deflected winds. Preferably, 
the diameter of the cap should be three times that of the pipe. Should 
the cap be reduced below this limit, however, the louvre itself must be 
reduced proportionately. 


NOTES ON LEGISLATION AND LAW CASES. 


These notes are copied by permission from The Law Reports published by The Incor- 
porated Council of Law Reporting for England and Wales, 

For full text of these see Law Reports, which can be referred to in the Library of 
the Institute. 


ADULTERATION. — Butter--Process of mixing milk with butter — Increased 
percentage of water—Sale of Food and Drugs Act, 1975 (3S §& 39 Viet. 
¢. G3), 8.6, 

In the ordiuary process of making butter a large proportion of the water in 
the milk or cream from which it is made is eliminated. 

The appellants, after butter had been made in the ordinary way, mixed milk 
with it, for the purpose of increasing its weight, by a process which had the 
effect of retaining the water in the milk, and caused an excessive quantity of 
water in the butter so treated. They sold the butter so treated to a purchaser 
as butter :— 

Held, that they had committed the offence specified in s. 6 of the Sale of 
Food and Drugs Act, 1875, namely, selling to the prejudice of the purchaser 
an article of food not of the nature, substance, and quality of the article 
demanded by him. Pgarks, Gunston & Tes, Lp. v. Kniaut, THe Same v. 
Vay Tromp, Div. Ct. [1901] W. N. 179. 


ADULTERATION.— Certificate of analysis, Sufficiency of —Insertion of weight of 
sample —Sale of Food and Druys Act, 1875 (88 § 39 Vict. c. 63), 8. 18. 

The insertion in the certificate given by a public analyst under the Sale of 
Food and Drugs Act, 1875, of the weight of the sample analyzed is obligatory 
only where the weight of the sample is material to the accuracy of the analysis, 
and its omission does not necessarily invalidate the certificate where the accuracy 
of the analysis does not in any way depend upon the weight of the sample. 
SNEATH v. Taytor. Div. Ct. [1901] 2 K. B. 376. 


HOUSE DRAINAGE, SEPARATION OF .— New House, Ejfectual drainage of— 
Local government—Drainage—Separate drains for sewaye and surface 
water—Discretion of Urban council—Public Health Act, 1875 (88 § 39 
Vict. c. 55), 8. 25. 

In deciding what is ‘‘ necessary for the effectual drainage” of a new house, 
under s. 25 of the Public Health Act, 1875, an urban council must consider only 
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what is necessary for the particular house in question; they cannot take into 
consideration what is desirable having regard to the disposal of the sewage of 
the district generally, and upon that ground require separate drains for sewage 
and for surface water. Marruzws v. Srracuan. Div. Ct. [1901] 2 K. B. 540. 


SEWERS.— Pumping station—Compensation or purchase—Disposal of sewaye— 
Sewer—Power to carry over lands—Public Health Act, 1875 (38 g 89 Viet. 
c. 55), 88. 10, 27, 

The defendant council, without any notice to the plaintiffs, the lords of the 
manor, and an adjoining owner, had entered upon a strip of uninclosed land, in 
the parish of Ruislip, on the north side of the high road from Uxbridge to London, 
belonging to the plaintiffs, and were proceeding to erect thereon a pumping station 
for lifting and pumping along a rising main the sewage of the whole parish toa 
common outfall for treatment. The defendants alleged that this strip of land 
was roadside waste and part of the highway. The plaintiffs also claimed to be 
the owners, and, as they considered the proposed erection was calculated seriously 
to damage the adjoining land, which was now coming into the market for building 
purposes, commenced the present action, and now moved for an injunction to 
prevent the defendants from going on with the work :— 

Held, that the strip of land belonged to the plaintiffs, and that the defendants 
had no right to go on to this land for the purpose of constructing this pumping 
station without notice to the plaintiffs. The question turned on whether the work 
the defendants were now doing was within s. 16, which provided that any local 
authority might carry any sewer through, across, or under any turnpike road, or 
any street or place laid out as, or intended for, a street, and, after reasonable 
notice to the owner or occupier, into, through, or under any lands whatsoever in 
their district. No notice had been given, and a local authority had no right to 
carry a sewer under private property, as this was, without notice. Then a 
further point was raised: was this pumping station a “sewer” at. all, or was it 
not rather within the provisions of s. 27, an apparatus for “distributing or other- 
wise disposing of sewage,” for which land could and would have to be purchased? 
The Court was of opinion that s. 27 applied to the present case, as this pumping 
station clearly was a means of disposing of the sewage on to another site prepared 
for it, and was not a sewer within s.16. The plaintiffs, therefore, were entitled 
to an injunction restraining the defendants from entering upon or taking this 
strip of land, otherwise than strictly in accordance with their statutory powers, 
not being powers under 8.16. K1ine’s Cottecr, CAMBRIDGE v. UxBRIDGE Rupa 
Disrricr Covuncirt. Byrne J. [1901] W. N. 176. 
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Lonpon _... wee avs December 12th and 13th. 


COLONIAL CENTRES. 


MonTREAL, CANADA 
Sypvey, N.S.W. ... 
BRISBANE, QUEENSLAND ... 
PERTH, WESTERN AUSTRALIA 


FOR INSPECTORS OF MEAT AND OTHER FOODS. 


London _... ee sh May 9th and 10th. 
LIVERPOOL... See .. July 11th and 12th. 
MANCHESTER wee se6 December 5th and 6th. 
Lonpon ... see ais December 19th and 20th. 


IN PRACTICAL HYGIENE FOR SCHOOL TEACHERS. 


Lonpon_... — an January 17th and 18th. 
LEEDS re is sa June 6th and 7th. 


FOR SANITARY INSPECTORS 
Under the Public Health (London) Act, 1891. 
Lonpon.... ‘as eee January 21st and 25th. 


Further particulars of these Examinations can be obtained on application at 
the Offices of the Institute, 72, Margaret Street, London, W. 


| The “LAWSON TAIT” 
SPRING BEDSTEADS. 


nn i i it) 


TRADE MARK. 


ROOM 


of designs of 

Bedsteads for all 

GUARANTEED i 
FOR List of Institutions 

FOURTEEN supplied, with 

YEARS. Testimonials received, 
ey sent Free 
on Application. 


SPECIALLY ADAPTED FOR 


HOSPITALS, INSANE ASYLUMS, and 
PUBLIC INSTITUTIONS. 


PATENTEES and MANUFACTURERS— 


GEO. GALE & SONS, 


Limited, 


BIRMINGHAM. 


CHLORINE DISINFECTANTS 


Kocu, Bokorny, DéLerrve, Soas-WoopHEap, Kern, Boyce, and other eminent 
Bacteriologists, have testified to the great germicidal power of Chlorine, the most 
improved forms of which are: 


CHLOROS:: Liquid Sodium Hypochlorite. Containing 120 
grammes of Av. Cl. per litre. 


Compositicn uniform. Convenient for distribution. No lime, no Seems no strong smell. 
Completely soluble in fresh or salt water. Does not jumen. Enormous 
dilution permissible. 


SANITARY CHLORIDE OF LIME. 
Containing 15 per cent. or 10 per cent. of Av. Cl. 


Does not po sloppy on exposure. A light, bulky powder. Can be handled with impunity. 
Does not lose strength on keeping. 


CHLOROS DISTRIBUTOR 


(Shrapneil Smith’s Patent). 
Sole Licensees: Messrs. Merryweather & Sons, Ltd., Greenwich Rd., S.E. 


Provides a reliable means of introducing a disinfectant into the discharge of water 
from any main or stand-pipe. 


INVALUABLE FOR THE DISINFECTION OR DEODORISING OF 
Alley-ways and Foul Courts, 
Urinal Stalls and Floors, 


Polluted Brickwork and 
Masonry, 


Street Surfaces and 
Cab Ranks. 


THE UNITED ALKALI CO., Limited, 


LIV ERE O Otx.. 
LONDON DEPOT—Anderson, Tulloch & Co., 9, Great Tower St., E.C. 


LAUNDRY MACHINERY 


CATALOGUES, PLANS, AND ESTIMATES, 


FREE ON APPLICATION. 


Awarded 3 Prize Medals at the recent Sanitary Exhibition held 


at Southampton. 


W. SUMMERSCALES & SONS, Ltd, 


PHGENIX FOUNDRY, KEIGHLEY: 


Telegrams: ESTAB. London Office: 
“PHENIX,” KEIGHLEY. ~ 1850. 133 FINSBURY PAVEMENT. 
Telegrams: ‘‘ AMBULANCE, BURY.” National Telephone, No. 0296. 


“For Modern Isolation Hospitals.” 


WILSON & STOCKALL’S 


BROUGHAM AMBULANCE 


FOR THE REMOVAL OF INFECTIOUS CASES. 


Silver Medals (Highest Award) 
at Sanitary Institute Health 
Exhibitions—Leeds, 1897 ; 
Birmingham, 1898 : South- 
ampton, 1899. 


PARIS EXHIBITION, 1900. 
Highest Distinetion for 
Ambulances. 


Awarded Three Prize Medals. 


Placing Patient in 
position. 
Afterwards closes 
up like an ordinary 
looking brougham. 


OVER 100 TOWNS 
SUPPLIED, 


THE MOST PERFECT 
AMBULANCE FOR! ITS 
PURPOSE AS YET 
PRODUCED. 


Prices § Specifications 
on application. 


“LARGEST BUILDERS OF AMBULANCES IN ENGLAND.” 
WOoORES: BURY, LANCASHIRE. 


BY SPECIAL ROYAL cute: a SPECIAL ROYAL WARRANT TO 
TO HER MAJESTY THE QUE R.H. THE PRINCE OF WALES, K.G., 


JEYES' FLUID 


Is used in the Royal Households, Stables and Kennels. 


=o 


JEYES' 


— DISINFECTANT —» 
FLUID and POWDER. 


71> 


GOLD 


And Silver Medals Awarded 
PARIS, I900. 


Jeyes’ Sanitary Compounds Co., Limited, 


64 CANNON ST., LONDON, E.C. 


THE SANITARY INSTITUTE, 


PARKES MUSEUM, MARGARET STREET, 
LONDON, W. 


FACILITIES FOR LECTURES. 


Frequent applications having been made to the 
Institute for the loan of Lantern Slides and Diagrams 
for Lecture purposes, the Council have collected a 
large number of such Slides, relating to Sanitary 
Arrangements and Appliances, Diseases, &c., which 
can be borrowed by Members and Associates for 
Lecture purposes at a small charge. 


REGULATIONS. 


The Charge for Hire is 1/6 per dozen (minimum 
charge to be 3/-). Carriage to be paid both ways by 
Hirer. 


Any Slides broken, damaged or lost during hire to 
be paid for at a fixed charge of 1/6 each. 


Slides retained longer than three days will be 
charged 9d. per dozen for each additional day, unless 
special arrangements are made. 


E. WHITE WALLIS, 
Secretary. 


A Full List of the Slides at present available can be 
had on application to the Secretary. 


Moule’s Patent Earth-Closets. 


Dr. BUCHANAN, Mr. J. NETTEN RADCLIFFE, and other 
Sanitary Experts declare strongly in favour of THE 
DRY EARTH SYSTEM. 


MOULE’S PATENT EARTH-CLOSETS. vA 
BARON LIEBIG and all other Agricultural Chemists _// 
speak in strongest terms of the great value of WA 
the product as Manure. vA 
@@ = Yet while allowing this to be wasted, high /, 
prices are paid for Artificial Manures. J SS 
J 
W/ 


Moule’s Patent Earth Closets y y 
OFFER THE FOLLOWING ADVANTAGES :— yp 8 a f MOULE’S 


CHEAPNESS IN ORIGINAL COST, J 
SIMPLICITY IN CONSTRUCTION, / 
RENDERING EXPENDITURE on Y 


REPAIRS UNNECESSARY, y RS 
NO INJURY BY FROST, I 

NO RISK OF DAMAGE BY J NO 4 
STOPPAGE OF PIPES. / RSJ ) 
AVOIDANCE of DANGERS of / A 


DRAINS and CESS-POOLS, f f Moule’s Hatiat, Rarih-Ghsts 
praises Miia a J fy, im ALL SIZES and FORMS. 


f * CAN BE FITTED in ANY 
Ve POSITION, ARE ADAPTED 


REQUIRED for the Y 

HOUSEHOLD. VA ; 

PROMOTION of the // f for USE in MANSIONS or COTTAGES, 
FERTILITY of the vA S&S ff SCHOOLS, HOSPITALS, WORKSHOPS, 


GARDEN. y CAMPS and SHIPS, and on RAILWAYS. 


pp 
js 
Ub 
Ny Ve 
h The following Pamphlets are sent 
/ free on application:— 


fe 
/ MOULE’S SYSTEM of DOMESTIC SANITATION. 
ff MOULE’S SYSTEM APPLIED to HOSPITALS, 


MOULE’S CATALOGUE AND PRICE LIST. 


mn pf : 
SS MOULE’S PATENT _» 


IXS /  EARTH-CLOSET Co., Ltd., 
J ff 5a, GARRICK STREET, COVENT GARDEN, 


; y). 
fh LONDON, W.C. 
é Contractors to the Admiralty, the War Office, &c. 


A 
p PATENT 


ff 
/ EARTH-CLOSET 
Ve COs, LTDey 
{ Sa Garrick Street, 
Covent Garden, 
LONDON, W.C. 


Y 


THE SANITARY INSTITUTE. 


APPLICATIONS are invited for the appointment of 
CURATOR OF THE PARKES MUSEUM and MANAGER 
OF PROVINCIAL EXHIBITIONS OF THE INSTITUTE. 


‘Candidates for the position must be between 30 and 55 
years of age, of good address and business habits, and have a 
knowledge of sanitary and scientific appliances. The emolu- 
ments of the office average about £200 per annun. 

APPLICATIONS in Candidates’ own hand-writing, giving 
particulars of education, previous engagements, and past experi- 
ence, must be sent to the Secretary, 72 Margaret Street, 
London, W., not later than January 21st, 1902. Personal 
canvassing prohibited. 


E. Wurrt Wa tis, 


Tae Sanrrary Institute, Secretary. 
72 Marcaret Srreet, Lonpon, W. 


JOURN AL 
THE SANITARY INSTITUTE. 


THE OFFICIAL ORGAN OF THE INSTITUTE. 
Instituted 1876. Incorporated 1898. 


HE JOURNAL OF THE SANITARY INSTITUTE is published 
Quarterly, and contains 100—150 pages super royal 8vo. 

The Journal circulates amongst Members of Local Authorities, and 
Members and Associates of the Institute who are Surveyors, Architects, 
Engineers, Medical Practitioners, Medical Officers of Health, Sanitary 
Inspectors, Builders, and others, in Gt. Britain and Ireland, Indiaand the 
Colonies. The circulation of each quarterly part exceeds 3,000. 

The Journal contains full reports of The Institute’s proceedings, including 
the various Papers and Lectures brought before the Institute at the Congresses 
and other meetings, and forms a record of the most recent progress in Sanitary 
Science generally. 

The Journal offers through its columns special opportunities to advertisers 
for bringing under notice any appliances or preparations relating to Sanitation 
or Public Health. 


The following is the Scale of Charges for AdvertiSements :— 
ONE TWO THBRE FOUR 


INSERTION, INSERTIONS. UNSERTIONS, INSERTIONS. 
Onn Pace ee £5 £9 £12 £15 
Harr Pace a £3 £5 5s. £7 10s. £9 


Official Advertisements and Notices of New Books at Special Rates. 


The “Desrumaux” 


Automatic Water 


Softener and Purifier, Ltd. 


REGISTERED OFFICES: 


23 CHEAPSIDE, BRADFORD. 


Telegranis :—‘*PURIFIER, BRADFORD.” 


LONDON OFFICES: 


Telephone :—1899. 


5 QUEEN VICTORIA STREET, E.C. 


Telegrams :—**‘ DESRUMAUX, LONDON.” 


Telephone :—6074 Bank. 


GRAND DIPLOME D’HONNEUR. 


GOLD MEDALS. 


HORS CONCOURS. 
HIGHEST AWARDS. 


The Softening and Purification of Water from Wells, 

Streams, Rivers, and other sources, to render the same 

fit for use in Steam Raising and General Manufacturing 
and Industrial Purposes. 


There are over 3,000 DESRUMAUX WATER SOFTENERS in active operation (purifying 
upwards of 250 million gallons per day) or in course of erection, including: — 


Messrs. John Cheetham & Sons, Ltd., Brighouse. 
Messrs. Christopher Waud & Sons, Bradford. 
The Continental Railways. 
Messrs. F. Krupp & Co., Essen, Germany. (Fourteen 
; Installations.) 
The Berlin Electricity Co. (Sixteen Installations.) 
Societe d'Electricitie ‘‘L'Union,” Berlin. (Six In- 
stallations.) 
Thomson-Hoaston Co., Seine. (Four Installations.) 
City of Paris. (Three Installations.) 
Tramways of Marseilles. (Four Installations.) 
North Eastern Railway Co. 
Tancashire Derby and East Coast Railway Co. 
The London Brighton and South Coast Railway Co. 
Messrs. Grout & Co,, Ltd., Great Yarmouth. 
Messrs. Beaumont & Co., Ltd., Huddersfield. 


Th iti 
_ Chatham Light Railway, [Th agony 


Th Hous- 
Gt. Northern & City Ry. (London), oa Co, ia. 


The Corporation of Weston-super-Mare. 

The Corporation of Hull. = 

The Southport Corporation. 

The Bournemouth and Poole Electricity Supply Co. 

The Swanseg United Breweries, Ltd. 

Messrs. J. Dickinson & Sons, Ltd.. Watford, Herts. 

Sir Titus Salt, Bart., Sons & Co., Ltd.. Saltaire. 

The Bradford Dyers’ Association. (Tbree Iustal- 

lations.) 

The Yorkshire Woolcombers’ Association. 

Messrs. Smith, Stone & Knight, Ltd., Birmingham. 
_ (Two Installations.) . ; 

Messrs. John Holdsworth & Co., Halifax. 

‘The Electrical Power Distribution Co., Ltd. 

The Brighton and Sussex Laundry, Brighton. 

Iale of Thanet Light Railway. 

The Tower Oil Co., Ltd., Hull. 

The South Hetton Colliery Co., J.td., Sunderland. 


* ~ 


GERM PROOF FILTERS. 


Simple in 
Construction. 


Easily Cleaned. 


WATER 


=, a ey : ~ . E Bi Abundant Supply. 
BERKEFELD FILTER 

| C0., LTD., 
121 OXFORD STREET, 

LONDON, W. 


PORTABLE BUILDINGS 


ANY SIZE SENT FROM STOCK. 
ESTIMATES AND PRICES “ON APPLICATION. 


INFECTIOUS OSnIEALE: ANY SIZE SENT FROM STOCK. 


These buildings are suitable where buildings are required in great haste, either for 
temporary or permanent use. 


BOULTON & PAUL, LTD., 
[=a Manufacturers, NORWICH. 


NORTON’S PATENT 


. “ “Abyssinian” — Artesian 
. Tobe. . » Bored. . 
Wells. . Tube Wells 


For expeditiously and economically obtuining 


PURE WATER SUPPLIES, 


Ranging from the requirements of a Cottage 
to those of Town Waterworks. 


Gold Medal Health Exhibition, London. 


@..44| LE GRAND & SUTCLIFF, 
Sieee.| Contractors to the Admiralty, War Department, India Office, 
Crown Agents for the Colonies, Trinity House, &e. 


Consulting Engineers, 
Makers of Norton's Patent Improved 
Registering Turnstiles. 


98) MACDALA WORKS, 125 BUNHILL ROW, 
| mm LONDON. E.C. 


J. BONSOR & ‘Co., _ Manutacturers of 


ae PATENT . 
For Lead:Soll, Ventilating, li1XPANSION 
"Waste Binene SOCKETS | 


& 


Soil-pipes can be tixed 
with ese Sockets at 
the same cost as with 
ordinary wiped joints. 


Stronger fixing and 

supported all round. 

il Better in appearance. 
EE Are not affected by 


the Sun’s rays or hot- 
water. 
SEND FOR ILLUSTRATED PRICE LIsts— 
536 BARRINGTON ROAD, BRIXTON, S.w. 


nn 
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EQUIFEX “::" DISINFEGTOR. 


METROPOLITAN ASYLUMS BOARD 
For THE BROOK HOSPITAL. 


Adopted by H.M. War Office for the ROYAL VICTORIA HOSPITAL, NETLEY, and by the 
Governments of India, Victoria, New South Wales, &c. 


RAPIDITY IN OPERATION. 


ABSOLUTE IMMUNITY 
FROM DAMAGE BY 
SCORCHING. 


ECONOMY IN FUEL, 
ryt ges ee sponte 
RECORD OF T. 
ONE. 


The only Apparatus complying with the recommendations of the International Sanitary 
Congress, Buda-Pesth, 1894. Only Medal, for Steam Disinfectors, Sanitary Institute 
Congress (Birmingham), and highest ewards wherever exhibited. 

Over 1,200 in actual use in all parts of the world. 


Spray Disinfectors for Rooms, &C., Reduces to a minimum the disturbance of inmates. 
Cost a fraction of the time and expense required A use of S02, and disinfect with Carey: 
THOUSANDS IN ACTUAL USE. 


STEAM LAUNDRY MACHINERY, be. of { the most improved type. 


OFFICIAL GOVERNMENT STATEMENT. 


‘‘Wherever the Pasteur Filter has been applied 
Typhoid Fever has disappeared.” 


THE ONLY FILTER AWARDED GRAND PRIX, PARIS, 1900. 


J. DEFRIES & SONS, LIMITED, 
147: HOUNDSDITCH, LONDON, E.C. 
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